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ON THE MINIMUM ENERGY DETECTABLE 
BY PHOTOGRAPHIC NEGATIVES 
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Experimental physicists have also found that the sensi 
tivity of films used in photographing dim objects can 
often be increased substantially by pre-exposing the film 
to an unfocused source of [This procedure, al 
though causing some increase in the magnitude of the 
density fluctuation, may increase even more che change 
of density for a given subsequent exposur The expo 
sure subsequc nt to the pre exposure will hereafter he 
called simply the exposure 

[t is supposed in this paper that the film is given a uni 
Ir will be shown 
has its 


light 


form pre-exposure of arbitrary amount 
in Pare [V chat the minimum detectabk 
smallest value for a pre-exposure that ts sufficient to 
bring the density of the developed film up to a value that 
is roughly 0.1 or 0.2 the density of the film 
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Actually, che present paper d 
mum detectable energy as such 
ble stimulus is a concept that has found extensive 
many fields of science, but it suffers from two limitations 
that are not basic to the problem at hand First, the 
concept often implies the direct use of a sense organ, 
which fact makes the minimum detectable energy a psy 
chophysical concept rather than a purely physical con 
cept. Second, the concept entails specifying in advance 
how reliable the ‘‘detection’’ must b« 

This paper deals with a comparable but 
spects more simple concept, which ts called here the 

noise equivalent energy’’, in accordance with the termi 
nology used in other branches of science. As will be 
seen, this concept is purely physical and thus avoids the 
two limitations eldest The title of this 
paper refers to the minimum detectable energy only in 
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order to indicate more clearly the general nature of the 
subject matter 

What ts meant by the noise equivalent energy is casily 
understood in terms of the following simple experiment 
Select a piece of photographic film. Let it be supposed 
that the characteris density versus logarithm 
of exposure) of the film is known for some given method 
of development. Pre expose the film uniformly by some 
arbitrary amount, and develop the film by the given 
method. With a precise densitometer, measure the den 
sity of the film over a large number of circular regions of 
the film, all of the same area A. From the results com 
pute the mean density D, and also AD, the root-mean- 
square deviation of the density from the mean value D 
Then from the characteristic curve compute the incre 
ment of energy falling on the area A that will cause che 
lensity of the film to increase from D to D + AD This 
increment is denoted by Ky and its called the 
is so called is the 


lensity by an amount 


curve 


energy 
noise equivalent energy It because it 
amount of energy that increases the 
equal to the root-mean-square fluctuation of the density 

Evidently, the noise equivalent energy Ky has a numet 
ical value that lep nds on 

l [he area A 

2 The type of film selected 

3. The amount of the pre-exposure 

4. The spectral energy distribution of che 

usc ! in curve 

». The method of development 

The dependence of Ky upon the first four of these items 


is CXamin ! in this pape r 


radiation 
mstructing the characterist 


Che experimental observations by Dr. Albert Rose® of 
RCA suggest that for visual inspection of photograph 
film, the minimum detectable energy is about five times 
the noise equivalent energy A similar determination 
by O. H. Schade'® suggests that the ratio lies between 
three and six 
constant, since for visual inspection the detectability will 
depend also on the size and contrast of the test object 

No new experimental data arc reported in this paper 
The results reported here are based on data that have been 
published, or were supplied upon special request, by vari 
ous members of the Eastman Kodak Company 
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Part Il. 


The following definition is formulated in terms of the 
density fluctuation of the film The primary reason for 
choosing the density rather than some other function of 
the transmittance, is that both the granularity data and 
the sensitometric data that will be used are expressed in 
terms of the density. A secondary reason is that density 
appears particularly appropriate for use in 
with a discussion of granularity 

In the following proposal of a definition of the noise 
equivalent energy, it is assumed that the film its exposed 
uniformly to a source of light, and that the film is then 
developed in a standard manner. Let this uniform expo 
sure be called the pre-exposure 

The average density ts then measured at cach of a large 
number of randomly chosen circular regions of the film, 
each of the same arca A. Let the density values of the 
regions be denoted by D,, Dy , D,, where a is 
the number of regions whose density is measured. Be- 


The Noise Equivalent Energy 


connection 
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cause of the granularicy of the image, these densities will 
not all be equal 
The average density D is defined by 


D = n™'d,D,, k i 2.1 


This is nearly equal to the density that would be meas 
sured with a densitometer of very large aperture Dwill 
also be called the pre-exposure density The root-mean 
square fluctuation in density will be denoted by AD and 
is defined by 


AD a~*> (D D i 2. a 2.2 


The noise equivalent energy Ky is now defined as that 
energy, incident uniformly upon the area A of the pre 
exposed and undeveloped film, that causes the mean dens 
ity of the developed film to increase from DtwoD+ AD 

Both AD and Ky depend on the area A The nature of 
this dependence ts discussed in the next section 


The Selwyn Granularity Coefficient 


Selwyn'!! has defined a coefficient of granularity S as 


follows 
5 2A)''AD 2.3 


{is in square microns and where AD 1s, of course, 
Selwyn’'s experimental results indicate 


where 
a function of A 
that the granularity S is not quite independent of the area 
{ of the scanning aperture, but tends to increase with A 
as the 0.05 to 0.10 power of A This implies that AD 
varices inversely as the 0.40 to 0.45 power of A 

Jones and Higgins* * have studied the dependence of § 
upon the area A in considerable detail, and find that S$ has 
a maximum and then a minimum as the aperture diametet 
is increased from § microns to 320 microns for Super-XX 
film. The net result is that Sis substantially independent 
of the area A for aperture diameters from 10 microns to 
180 microns, but diverges from constancy somewhat 
more for larger or smaller apertures 
» To the extent that the granularity § has been found to 
be independent of the area A, the dependence of AD upon 


the area 1s 


AD aA 2.4) 


where a@ is a constant that ts independent of the area A, 
and that depends only on items 2, 3 and § of the list at the 
end of this part 


The Noise Equivalent Energy 


Now consider the change in density produced by a 
signal that is incident upon an area A of a uniformly pre 
exposed negative Provided that the fractional varia 
tion of the slope of the characteristic curve 1s small overt 
the range of signal exposures involved, the increase 
6D of the average density of the developed image will be 
proportional to the energy of the signal per unit area, 


6D BK/A 2.5 


where 4 is a constant that is independent of the area A, 
and that depends on items 2, 3, 4 and § of the lise at the 
top of page 58. It should be noted, however, that the 
validity of the reciprocity law has been involved in the 
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insofar as the density increment 
is stated to be independent of the rate at which the energy 


K is sut | lied 


statement of Eq (2.5 


Suppose now that the energy K is supplied in a single 
pulse of duration + Then the power P of the pulse ts 
related to K by 


P K/r 2.6 


From the last three equations, it follows that the power 
P, required to produce a density increment 6D equal to 


LD is given by 


and may be call 


liately 


i che nois It follows 
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imm nos quivalent cnecTrgy b 1s 
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both independent of both A and 1 
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that che 
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lasses on the basis of the way 
nose quivalent energy lepends on the spec ! of 
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connect ! 
classes, and the 
paper cited for a full a 
however, the two classes may 


general d 
r is referred to the 
or th pre purpose 
¢ detined as follows 
It 1 UP Pose ! that th 
lered is matched 
on of the signal to be detected 
those 
pendent of the area A and the pulse duration 


with th 
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two 
ount 
cone 


onstruction of every detector 
co the area and 

Then ( lass I 
for which the following quantity ts 


in optimum way 


tors are 


b | independent of A and 7 2.9 


Il detectors are those for which the fol 
juantity is independent of the area A 


pul luration 


Similarly, Class 


low itiy 


nt of A and + 2 10 


Evidently, the two cla are mutually exclustv 


m of I q 2.8 and 2.1 one 
photograph: 


By comparis 
thac che 
In thi 
fis th 


tive 


conclu les 
Class II detector 
hould be emphasized that the area 
not the area of che 


negative is a 
mnection, it 


arca of the signal entire nega 
In another 1 
for | 


merit tor Class 


nt paper figures of merit were defined 
th Class I and Class II detectors The figure of 
Il detectors is denoted by M, and ts defined 
by 


M {vA 2.11 


whet is in joules 


f is in square microns, and K 
The original definition 
hut in the 
} 


of My, indicates chat Me is dimen 
2.11 


numerical coethcient 


siontle ss, 


form dimensional constants 


have been absorbed in the 
Bolom ters and thermocouples are ( lass Il detec tors 
The figures of merit M, for $0 different bolometers and 


$8 


thermocouples described in the literature are tabulated 
in reference 13. The best thermocouples "* have figures of 
merit equal to about one 
To those who are familiar with photographic manipu 

lations, it will be obvious that the noise equivalent 
energy of photographic materials will dé send 
following items 

The signal area A 

The type of negative 

The amount of the pre-exposure 

The spectral energy distribution of the signal 

The method of development 
In Part V, where several photographic materials are dis 
cussed, the figure of merit will be maximized with respect 
to the wavelength of the signal and with respect to the 
All of the results presuppose standard de 
veloping conditions 


on the 


pre exposure 


Part III. 


In the general theory of the performance of detectors’ 
as described in reference 12, it is supposed that the only 
background against which signals are to be detected ts 
the room temperature radiation field. The fluctuation in 
this ficld thus sets the fundamental upper limit on the 
detectivity 

In the special case of the photographic negative, how 
ever, one deliberately introduces an additional radiation 
background: that provided by the pre-exposure The 
signal to be detected must be above the fluctuation tn the 


A Fundamental Upper Limit on M 


pre exposure 

The fluctuation in the 
casily, and such calculation leads to a value of the figure 
of merit M, that cannot possibly be « xceeded by any dete« 
tor that ope rates in the presence of the given pre-expo 
sure This maximum possible value of My will be de 
noted by M, 

The upper limit M, that will be calculated ts the figure 
of merit that would actually be obtained with a negative 
that was completely homogencous complet ly free of a 
grain structure), and in which the density of the given 
urea A is exactly proportional to the number of photons 
absorbed in that area 

When a film is exposed uniformly, one should imagine 
the photons as striking the film in the same random 
manner that raindrops strike a horizontal surface In 
such a random flow of discrete objects, it is well known 
that, upon repeated trials, the probability distribution ts 
of the Poisson type —that ts to say, the root-mean-square 
fluctuation Aw of the number striking a given area in a 
given time is equal w the square-root of the average 
number a 


pre-exposure can he calculated 


Aa n 3.1 


Actually, the expression just given is not precisely 
correct. It would be correct if the photons were com 
pletely random and thus obeyed Maxwell-Boltzmann 
statistics. Photons, however, obey Bose-Einstein sta 
tistics; accordingly, the expression should have the fac 
tor (1 e~fe/ae appended to the right hand side, 
if the radiation is in thermal equilibrium at the absolute 
temperature T'*. This factor, however, is very close to 
unity for all ordinary light sources, and will be ignored 
henceforth 
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Let K be the average energy incident on the area A 
during the pre-exposure of the film. The average number 
of quanta 1n the light ts 

n K/K, 
where K, ts the energy of a single quantum 
K, he/ > (3.3) 


The rms fluctuation AK in the energy incident upon the 
arca A is thus 


AK K, An 44 


AK KK, 3.5 
[he incident energy per unit area U is related to K by 
l KA 3.6 
whence 
AK AUK 3.7 


If the only cause of density fluctuation in the deve loped 
image were the fluctuation in the pre-exposure, 
would be equal to the rms fluctua 


the noise 
equivalent energy K 


tion AK 
Ky AK 3.8 


From Eqs. (2.11 and (3.8), one then concludes 


M, 3 xX 10 UK, 3.9 


where LU is in joules/micron’, and K, is in joules 

The derivation given so far has been oversimplified in 
that it has assumed that every photon incident on the 
negative contributes to the developed image. This ts 
not the case. Only a fraction ¢ of the incident photons 
are absorbed in a photographically relevant mannet 
The 
absorbed in a way that has no effect on the latent image 

We accordingly redefine the upper limit M, as the figure 
of merit that would be obtained with a negative that was 
completely homogencous and in which the density of the 
given A 1s exactly proportional to the number of 
photons that are incident in that and that ar 
absorbed in such a way that they are actually utilized in 
forming the latent image 

It is desirable, however, that the symbols » 
refer to the incident light A 
rewritten 


remaining photons are transmitted, reflected, of 


arfca 
arca, 


K, and l 


continuc to cordingly, 


Eq 3.1 


must be 


An n/e 3.10 


If now the derivation of 4.10) as 


the starting point, one finds 


3.9) 1s repeated with 


M, 4x 10 e/UK, 3.1] 


where LU ts the incident power per unit area of the pre 
exposure 

Unfortunately, the value of ¢ is not very well known 
No published information is available that is known to 
hold for the specifi films discussed in Part \ 

Webb"* has measured the value of « for a non-color 
sensitized single-grain-layer plate. In Webb's notation 
eis the produc t of two factorsxanda. The factor« is the 
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fraction of the incident light that is absorbed by the 
emulsion, and a@ is the fraction of the absorbed quanta 
that are actually utilized in forming the latent image 
Webb's value of @ ts approximately '/,, for wavelengths 
in the range from 360 to §00 millimicrons. In a private 
conversation, Dr. J. H. Webb has suggested that the value 
« = 0.1 is suitable for the grains of Super-XX film at 420 
millimicrons 

These rough considerations suggest that the value of « 
is roughly 1/40 for panchromatic emulsions. This ts 
confirmed by a letter dated January 29, 1947, from Dr 
A. P.H. Trivelli of EK to Dr. Albert Rose of RCA, in 
which Dr. Trivelli suggests that the value of ¢ for 
sensitized emulsions like Super-XX and Tri-X 1s of the 
order 0.1. We therefore assume 


0.025 3.12) 


We now anticipate the results to be found in Part \ 
for the Super-XX film. It is found that the pre-exposure 
that maximizes the figure of merit My is about 0.0025 
meter-candle-seconds. By Eq. (5) of the Appendix, this 
corre sponds to an inc ident power per unit area of 


l ‘ 1O-™ joule/micron 4.13 
when the radiation consists of blue light of wavelength 
0.42 micron. For such light, the energy K, of a single 


quantum 1s 


Ky 4.73 xX 10 3.14 


' Joule 


From the last four equations, one obtains the following 
upper limit on the figure of merit My 


M, 310 3.15) 


reassuring that this upper 


for Super-XX film. Ie is 
limit is greater than the experimental value 220 found in 
Part \ 

The fact that My, and M, are not too far apart, however, 
does suggest that an appreciable part of the actual granularity 
of Super-XX film is due to the quantum fluctuation of the light 
This sugyvestion 1s he lieve d 


that constitutes the exposure 
to be novel 
The data used to evaluate ¢ are quite rough, and there 
fore little confidence can be placed in the result found 
that Mz is not much greater than My. If, how 
ever, this resule should be confirmed by more reliable 
data, then a major part of the observed granularity of 
Super-XX film would be due to quantum fluctuation of 
the light that forms the latent image. If this were so, 
furthermore, one would at last have an explanation for 
the “clumping” phenomenon that has long perpl xed 
photogray hers 
Ic is well known that the granularity of sensitive films 
amount that would be 
randomly dis 
Furthermore, 
more cnergcts 


above 


is substantially greater than the 
obtained if the developed grains wer 
tributed; the grains appear to “clump 
every dark-room operator knows that 
development of an underexposed negative increases the 
granularity of the developed image over that of a more 
fully exposed negative. Both of facts are just 
what one would expect if the major part of the granu 
larity is due to the fluctuations in the light that forms 
the latent image In this case, the granularity is part 


these 
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Table I 


THE POUR 


to bring outa 
ik image due to 


two paragraph 
the mcon 

lata Ie is / 
motivat 


crimental 


he | ri 


ulations wil someon 


| 


xamination of the proposal 


Part LV. 
Pransformation of the Expression for M, 


It gretted that the available data on photograph: 


lirect calculation 


materials are not in a form that permits 
of th of merit M, for widely 
film It is unfortunat therefore, to 


es of informa 


# the numerical valu figur 


know 
have recourse to a number of different sour 
lin many ca to use data for purposes for which 


they were not intended 


ly nM sary 
tion an 
1 


In this Part, the expression given above for the 
of merit VM 


param tet 


an Thi 


higure 
will be transformed so that it 1s expressed in 
that are of more direct photographic sigoth 


will permit th liate use of avatlabl 


lata 


imme 


phot ygraphi 
\ hor let A be th nergy in 


r unit area in joules per 


joules incident on 
irca A, | nergy p 

E be the exposure in lumens pet 
candle-second Let A be used 
mall increment of 


qual 
puat 
mporarily ro mds it i 


Th mon has 


i quantity 


SA {Al +1 


\h h- a \D | a \D 
, dE dD FE dD 


li now AD be rms fluctuation of che 


lensity J), then 


interpreted as the 


LA bee 


omes th 


dl 
DD 
AK ‘rap 


Nose equival nt cnergy 


The laser valid only if the relation 


herween th 


lation ts, of 
energy A and the D is reasonably 
range D) AD wo D + AD 
In the following, we assume that this condition holds 
2.11) for che 


course 
lensity 
linear for densities in the 
M, now 


Th xpression figure of merit 


becom 
E1dD 


\ 
U Sdi 


FILMS 


EVALUATED IN THIS PAPER 


Developer I 


where the relation (2.3) has also been 

[he ratio E/U, the 
figure of merit M2, evidently depend 
of the radiation. The data to be used in Part V are ob 
tained with ASA sunlight If these data 
lirectly, che figure of merit would be for sunlight 
fundamental kind, 
scems More appropriate to obtain the figure of merit for 


employed 
4D/dkE, and also th 


{ upon th Spx ctrum 


derivative 


were us 
Ina 
investigation of this however, it 
monochromatic radiation 

Accordingly, the expression 4.4 
the following form 


will be rewritten in 


FE, 1 dD 


Mo 
{ 2 es US$ ai 


{i 


where Mz, 1s the figure of merit for monochromatic ra 
ation of wavelength A. Ly, ts th 
unit area, it being assumed chat che 
monochromatic radiation of 


pressed in terms of joules per square micron. | 


energy incident per 


energy consists of 
wavelength A; Uy, 1s ex 
is the 
exposure to sunlight of the quality specified by the Amer 
ican Standards Association, it being assumed that ch 
exposure ts chosen so that its effectiveness is the same as 
that represented by U,; FE, is expressed in terms of 
lumen-seconds per square meter 

The ratio f 
all panchromatic emulsions, and is found in the Appen 
to have the approximate valu 


U, has approximately the same value for 


{ix 


4.68 & 10'* lumens/ watt 4.6 


U, 


0.42 
ratio for other wavelengths 


for panchromatic films, and wavelength A 
The value of the 
may be obtained by multiplication by che 
WX) plotted in Figure seven of the Appendix 

From the last two equations one obtains the following 
expression for the figure of merit My, for panchromaty 
emulsions and for monochromati wave- 


length 0.42 micron 


micron 
function 


radiation of 


1.99 14? 4.7 
§ dk, 


This expression for the figure of merit may be evalu 
ated if one knows (a) the Selwyn granularity as a fun 
tion of density, and (b) the density as a function of ex 
posure to sunlight. Both of these relations are deter 
mined for four different types of panchromatic film in 
Part V 
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Table Il 


GRANULARITY DATA FOR THE POUR FILMS 


D M 


Part V. Results on Four Specific Films 

In this Part, the figure of merit will b« 
four different Kodak negative films as a function of the 
pre-exposure and as a function of the wavelength of the 
radiation 


obtained for 


Unfortunately, it was not possible to obtain a complet 
set of 


tion nex 


lata for any one emulsion number The informa 
obtained from a 
This means that the accuracy of the final results is not as 
high as it would be 


nearly identical film 


led was varicty of sources 
if all of the data were obtained on 
Presumably, the results apply only 
to the average run of the manufactured film and then with 
fair accuracy only 
It 1s therefore to be hoped that the present paper will 
ncourage others to obtain results of greater accuracy 
and for a greater varicty of film types 

The four films for which quantitative results will be 
obtained are shown in Table Il. The full name of the film 
is shown in the first column, and the abbreviation used 
in the paper is shown in the second column The third 
and fourth columns give the name of the deve loper and 
the duration of the development in a sensitometric de 
veloping machine 
20 ( 


with the solutions held at a tempera 
ture of 


) 
1 4 


[hese four columns are copied from refer 


Sources of Information 


laca for the four films were obtained 


Scensitometri 


The granularity 
four mat 
lied | y 


astman 


urves for the 
kindly 


* Government Sales Division 


trom reterence 2 


rials for exposure to sunlight were 


Mr J W Goda, 
Kodak Company 
It is not obvious that the developing conditions speci 
hed in Table I will yield the same gamma for films manu 
factured in different years 
made t le ermine th 
films from 
y, 1n the first 
Matcrials 2, § 
1, UL, and IN 


from Dr 


sup 


Accordingly, an effort was 
flective gamma for the leveloped 
es of information. Thi 
Table I are from reference | 
and 8 assumed to be similar to materials 
of reference 2 A private communication 
‘ indicates that the successive 
Ill and IV of reference 2 
by a factor of 2 
means from retercn 
the table by ¥ Values of gamma for material 
are given in the Kodak publication dated June, 194¢ 
Kodak Materials for Acrial Photography From this 
publication, which is contemporaneous with reference 2 
were obtained the values of gamma denoted by listed 
in Table I. Finally, the values of gamma indicated on 
the plots supplicd by Mr 
column of Table I and are denoted by y, 


everal sour values of 


olumn of 


Higgins lensity 


Tabl 
x posure in 


obtained by thi 


values in correspond to 
values of gamma 


? | 


remecnts 
noted in 


I and Il 


are 


Goda are given in the last 
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Table Il 


GRANULARITY ' ON THI 
APERTURE POR TRI-X FILM 
TABLE V OF REFERENCI 


DEPENDENCE OF THE SELWYN 
DIAMETER o OF THE SCANNING 
AT A DENSITY OF 0 42 (FROM 


gamma to which the film was de 
or ys for the granularity data 


the sensi 


In summary, the 
veloped is given by yi, Ye 
here, and is given definitely by y, for 
tometric data used in this paper 

The only marked discrepancy to be noted in Table I ts 
for the Super-XX negative The 1951 value of gamma 

1.82) is substantially above the 1946-47 values (about 
1.3 Presumably, this represents a différence in che 
film manufactured at these different dates 


usC d 


Relation between S and D 


It is desirable to have mathematical 
xpression for the relation between the 
larity S and the density D 


serves to smooth the scatter in the 


an approximate 
Selwyn granu 
Such an expression not only 
granularity data, but 
also facilitates the evaluation of My, for a number of dif 
ferent pre-e xposures 
If che 

sion, one 


distributed randomly in the emul 
that the Selwyn 
would be proportional to the square root of the density 
The data given by Jones and Higgins in reference 2 are 
nearly, but not exactly, in accord with this « x pectation 
The granularity versus density data tabulated in Tables 
IH and IV of reference 2 for the FG Neg. and Super-XX 
films are re-plotted with logarithmic scales in Figure 
For cat h ot the scvcn 
a straight line that 
The slope of each of 
figures The best 
consistently les: 
and is approx! 


grains were 


would expect granularity 


one and two of the present paper 


sets of data shown tn these figures, 
best fits the point has been drawn 

thes¢ 
fitting straight lines have a slope that 1 
than che 


mately 


seven lines is indicated in the 
one-half suggested by theory 
4 for the lines whos« slop. is determined most 
reliably The slope is perhaps slightly | than 0.4 for 
the FG Neg. and perhaps slightly greater than 0.4 for 
Super XX 

1} 


The 0.4 power law indicated by 
} 


may bh 
5 (= ds ' 
§ D,) 

arbitrarily chosen 


and (5.1 


Figures on and two 


written 


where Sy is the granularity act che 
lensity D 


one obtains 


| pon climinating § between (4 


M 431 (D 


dl */dl » 


from the D 
curve of the photogray hic material in ques 


The derivative may be obtained directly 
versus log | 


tion 








DEnsity oO 


Fig. 1 The root-mean-square density fluctuation 
1D plotted as a function of the density D, for Super-XX 
film The coordinate scales are logarithmic The 
points represent the measurements of Jones and Higgins 
The lines are drawn as the best fit to the experimental 
points. All of the lines are drawn with a slope of 0.40 
The labels on each line at the left is the diameter of the 
scanning aperture in microns 


for the Four 


Determination of D, and §S, 


Materials 


Table Il shows valu ots 


The value for thr ot the 
lables IIL, LV, and V, which show th 
granularity 5 on the diameter @ of the scanning 
lata in Tables Il IV, and \ 
2. The values for Pan-X film wer 
omplex process of first establishing 


h of the films 
from 
I pen lence of the 


an | I) for a 
films are obtained 


™ lw yr 


were ol 


apertur The 


tain from reteren 


found by th mor 
an empirical relation between Goetz-Gould granularity 
Selwyn granularity, and then using this relation to 
lata on the Goetz-Gould 
feren 2 

values of Sy and Dy in Eq 


hown in che 


and 
interpret th granularity of 
Pan-X film give 

{ por ubstituting che 


5.2 me finds th M 
Table Il 


ninf 


ratios last 


column of 


Sensitometric Data 


lata having been summarized, it re 
lata available for che 


The granularity 


mains to examine the sensitometri 


four films 
From che plot ot D versus log &, 


(roda, th 


supplied by Mr. J. W 
Tri-X 


curve 


information plotted in Figure three for 
film was obtained In this middle 
shows the relation berween D and | The logarithmic 
scale hosen for the emphasizes the toe of the 
which toc us che part of greatest interest in the 
onnection The bottom curve shows che 
dlY* dE,, abbreviated by the symbol 8. Ie 
will be noted that this curve passes through a maximum 
of log / 2.85. Clearly, this pre 


igure, the 


or linat 
urve 

pre scene 
iT rivatty 
value 


ata equal 


to 

that which yields a minimum noise 

and the 

shows the 
lerivative dD d log | 

four through six show correspond 


ex posure is equiva 
maximum figure Finally, 


gradient ¢g of the characterise 


lent energy of merit 


the top curve 
urve, defined as che 
Similarly, Figures 
ing data for the other three films 

The density D employed in this section ts the density 
of the film the bas 


above the fog, because th 


above lensity, it is mot the density 


fog itself introduces granu 
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Table IV 


SELWYN GRANULARITY § ON THE 
SCANNING APERTURE FOR SUPER-XX 
FROM TABLE III OF REF 


DEPENDENCE OF THI 
DIAMETER o OF THI 
FILM AT A DENSITY OF 4. 


larity. The base densities for the four materials are 0.05, 
).04, 0.25, and 0.20, respectively 

Table V shows the values of some of the parameters 
for the pre-exposure that maximizes § 

Substitution of the values of Sn... in Table VI into the 
values of Mz,../8 in Table II yields che values of the 
figure of meric Myz,..., defined as the figure of merit M;, 
for 0.42 micron blue light at the optimum pre-exposure 
These values are shown in Table VI. The figure of merit 
for other wave-lengths may be obtained by multipliea 
tion by the function W( A) plotted in Figure seven of the 
Appendix. Similarly, the figure of merit for other pre 
exposures may be obtained upon multiplication by $/ Sma 
These statements may be summarized by the following 
equation 


Ma MonnW () - 5.4 


According to Table VI, the figure of merit M, of Super 
XX and Tri-X films is approximately 200, and 1s there 
fore about 200 times the figure of merit of the best ther 
mocouples, since these have a figure of merit of about 
unity 

It must be recognized that the merit M, 
measures only one of the many considerations that are of 
4 chermo 


figure of 


importance in the practical use of detectors 


Fig. 2. Data corresponding to that in Fig. 1, for FG 
Neg. film. The slope of each of the lines is indicated 
at the right, and the diameter of the scanning aperture 
in microns is indicated on the left. For the two smallest 
apertures, the slope is less than 0.40 
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Table V 


SELWYN GRANULARITY 5 ON THI 
SCANNING APERTURE FOR FG NEG 
FROM TABLE II! OF REP. 2 


DEPENDENCE OF THE 
DIAMETER @# OF THI 
FILM AT A DENSITY Of 


with a time constant of 10 milliseconds may be 
used to make repeated measurements 100 times a second, 
wr about 10 million times a day, whereas a film may be 
used only once On the other hand, one large sheet of 
film may take the place of 10 million thermocouples for 


Thermocouples are limited 


cou rhe 


simultancous measurements 
to the range of time constants from about one millisecond 
to about one second, whereas the range of exposure dura 
tions that obey the reciprocity law is much larger for 

films. The photographic process is limited in the 
long wavelength direction at about 1.2 microns, whereas 
thermocouples are sensitive to far infrared radiation and 


some 


radio waves 
one is willing to employ conditions of 
measurement that are appropriate for both films and 
thermocouples—signal durations from 0.01 to 0.1 second, 
detector area about one square millimeter, signal wave 
length around 0.4 micron—then one may say with con 
fidence that Super-XX film will be able to detect an 
amount of energy roughly 200 times smaller than the 
minimum detectable 


If, however 


energy of a thermocoupk 


Empirical Criterion for the Optimum 
Pre-exposure 


The optimum pre-exposure has been defined as the pre 
exposure that maximizes the derivative § defined by Eq 
5.3 This derivative may be computed for any given D 
The computation is somewhat ted 


versus log FE curve 


5 26 
6 txPosurt » wcs 
Fig. 3. The density D, the gradient g dD/d log E,, 
and the derivative § = dD**/dE, plotted as functions of 


the exposure E, in meter-candle-seconds of sunlight, for 
Tri-X film. The coordinate scales are logarithm 
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Table VI 


VALUES OF SEVERAL QUANTITIES AT 
MAXIMIZES § 


THE EXPOSURE THAT 


D 


ous, however, and it 1s therefore of interest to inquire 
whether a more simple criterion ts available 

For the four materials studied in this Part, such a sim 
ple criterion 1s available Table V shows tn the fitth 
column the gradient g, of the D versus log FE curve at 
the exposure that maximizes 5, and shows in the sixth 
column the ratio of the gradient zg, to the maximum 
gradient y, that is tabulated in Table 1. All of the four 
values of this ratio in Table V lic within 10 per cent of 
the average value 0.313 

Thus, insofar as these four specific examples can deter 
mine a general rule, they indicate that the pre-exposure 
that yiclds the minimum value of the noise equivalent 
energy is equal to the pre-exposure for which the gradient 
g of the characteristic curve 1s equal to 0.3 times the max 


imum gradient » 


0.3¥ (5.9 


Noise 


Values of the 
Energy K 


Illustrative Equivalent 


No numerical values of the noise equivalent energy K 
have been given so far in this report The reason, of 
is that K whereas the 
figure of merit Mz, is invariant in this respect 

In order to give a value of Ky, one must first select an 
area A. Since Ky decreases in proportion to the square 
f A, it is of interest to inquire how small the area 


course, depends upon the area A 


root 
may 


} tue a 


Fig. 4. The density D, the gradient g, and the deriva- 
tive 5, plotted as functions of the exposure E, in meter- 
candle-seconds of sunlight, for Super-XX film. The 
coordinate scales are logarithmic. 








Table VII 


rHi 
AND AT 


MAXIMIZI 


FILMS AT THI 
PRE-EXPOSURI 


WAVE- 
THAT 


MERIT M, OF 
Mic RON 


POUR 
THI 


M 


Evidently, it would make no sense to choose an arca A 
that the density fluctuation computed from (2.3 
than the density itself One comput casily 

of Sy and Dg given for Super-XX in Pare 
lens 


This 


lrameter 


osmall 


I larget 
from th 
tuation will be yata 
{ jual to 16 

‘ ircular area 15 microns in 

f P lensity fluctuation ts 
tO suppo that the figure 


ompute the value of Ky for 


V that th lensity flu 
square micron 


only , oF 


of merit M 
this areca 
bor 


the not 


may 


i mat rial 


i figure of merit M, equal to 200 
ryvy A for an area ! 


160 micron’ 1 by Eq 2.1] 


with 


juival ne n equal te 


bh ‘erg 
[his energ ort ron 


radiation an i 


ponds to 40K 
i equal to 1200 el tron-volts The mini 
letectable en t times A 1S 


photons of 42 mi 


mum rey, being about five 


about | cre 
It should be ! that ches 
radiation The eff 


25 4 


of the 
cncrgy 1s 


not energies are thos 


smcident tively absorbed 


probal ly about or about §O photons 
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Fig. 4 The density D, the gradient g, and the deriva 
tive 4, plotted as functions of the exposure E, in meter 
candle-seconds of sunlight, for Pan-X film. The co- 
ordinate scales are logarithmic 


“ 


Fig.6. The density D, the gradient g, and the deriva- 
tive 5, plotted as functions of the exposure E, in meter- 
candle-seconds of sunlight, for FG Neg. film 


edge the assistance of the lat Dr. L { Jones and to 
thank Dr. Higgins and Dr. David L. MacAdam, of the 
Eastman Kodak Company, Dr. Edwin H. Land of the 
Polaroid Corporation, and Dr. Duncan Mi Donald, Bos 
ton University, for helpful and stimulating discussion 
He wishes also to thank his colleague Dr. William A 
Shurcliff for substantial help in the revision of the first 
draft of this paper 


Appendix 


In this appendix, the ratio F,/U, will be computed as 
a function of A for panchromatic negative films The 
quantities E, and Uy are defined above in the text fol 
lowing Eq. (4.5 

Let W(X) be the spectral energy distribution of sun 
light, normalized to one joule per unit area per milli 
micron wavelength range at the maximum of the distri 
bution This will be called sunshine 
Let L(A) be the relative sensitivity of che 
cone vision as a function of the wavelength A, normalized 
to a maximum value of unity. Let P(A) be the relative 
sensitivity of the photographic material, as a function 
the wavelength, normalized to a maximum value of 
unity; the wavelength of the maximum ts denoted by 
Aw 

Then 650L( A)W (A) ts the spectral distribution of the 
luminance of normalized sunlight, expressed in lumen 
seconds per unit areca per millimicron of wavelength 
range. The number 650 ts the number of lumens per watt 
for monochromatic radiation of wavelength 0.555 mi 
cron P(A)W(A) ts the spectral distribution of the 
photographically effective energy in ASA sunshine 

Then £ defined by 


normalized 
human eye for 


£ = 650 J L(A)W(A)dA 


1s the lumen-seconds per unit area of normalized sunshine, 
and VU defined by 
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is the number of joules per unit area of monochromatk 
radiation of wavelength A, that produces the same 
photographic effect as normalized sunshine 
The ratio £/ 0 would be identical with the rauo FE, 
except for the fact that &, is referred to a square meter, 
whereas U’,, is referred to a square micron. One therefore 
has 
as 4 

SLOIAWOA)AA WAVELENGTH IN 
650 > 10'? ~. 

JS i NIW TAMA Fig. 8 The products P(A)W(A\) and 
plotted as a function of the wavelength 
microns The coordinate scales are linear 
zation of Wd Henceforth, W/( A) will be normalized under the two curves have the ratio 0.72 
with unity as its maximum value Thus all three of the 
functions W(X), L(A) and P(A) are so normalized 


Evidently, this « xpression ts independe net of the normal: 


L(A) WO) 
Sin milli 
The areas 


: OO R 
Figure seven shows the spectrum W’(\) of sunshine, as S ane ’ 9.8 millimicrons 
te ~ ‘ . 
obtained with a 2700 K source corrected to mean noon . ‘ ‘ 138.8 millimicron 


sunlight with the Davis-Gibson filter shown tn Chart 6 


Equat ns 4) now yield 
of reference 20. Figure seven shows also the normalized 


ICI tristimulus value obtained from Table XII of refer E,/l 4.68 & 10'' lumens watt 


ence 21 and here denoted by L(A Finally, Figure seven 
1 sensitivity P(A) of panchromati 
emulsions, obtained from the curve for Panatomic-X 
film shown in Figure twelve of reference 22 x 10 
From the data in this figure, the products L( A)W(A 
and P( \)W( A) were computed, and are plotted in Figure References 
eight By numerical int gration, one fin ls that the areas 
under the two curves at 


shows the normaliz 


‘lumens watt 


Higeg 
hitegs 
Hige 
Hige 
Higgu 


H geX 


ons 
Fig. 7. The spectrum W(A) of sunlight, the relative 

sensitivity P(\) of panchromatic negatives, and the 

relative sensitivity L(A) of the human eye, all normalized 

to a maximum value of unity, plotted as a function of the ly 

wavelength A in millimicrons. The ordinate scale is Photographic plate 
logarithmic, and the wavelength scale is linear. Kodak Company, 1945), sixth 
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which ts the result given in Eq 4 Phe 


ra 


is obtained from Eq. (5) upon multiplication 


P 
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COLOR CORRECTION APPLIED IN THE SIGNAL 
CORPS PHOTOGRAPHIC LABORATORY 


Louis Werner* 


ommercia lor photographic establishments 
| 


olor control starts when the color film is exposed and 
proc 1. Reproduction ts not undertaken until a tech 
nically atisfactory transparency has been achieved 
The U. S. Army Signal Corps, like many commercial 
finishing laborator has a special problem Trans 
parenci ure received from all parts of the world and 
many of them, indeed often those of greatest military 
valu have been K Pos 1 and process { under extremely 
untavorabl maditions ih as those resulting from 
ombat and sever limatic factors 

The Signal Corps us very artifice it knows to rectify 
olor deviations. Though the methods are not all unique 
ww new, an effort has been made to arrange and classify 
them so that technical considerations or expediency will 
rovern their application according to circumstances 


Iwo general classifications distinguish the manual 
olor correction techniques appli ! by che artist from the 
hemical and physical color correction techniques ap 
plied by the photographer While ic is crue that the 
urtist must be well informed about color photography 
if he is to apply his various mediums usefully, he ts not 
us much concerned with emulsion characteristics, the 
ories of development and the like as he ts with color 
theory, colorants, and techniques associated with paint 
ing Manual color corrections are appli 1 lox alle to 
sclected areas of the subject. Physical or chemical color 
orrections ate applied to the whole subject according 
to known principles of the photographic processes. The 


stage of the reproduction process at which art work or 
manual correction is applied is largely determined by 
x px liency Chemical or physical corrections are ap 
pybae ! at chose stages of the rt pr >duction process that 
techni ally permit 

It is rarcly necessary or even desirable to reproduc 


xactly the psychophysical luminances and chromatics 


ties of the scene or object photographed. Photographers, 


visual learly, will actually 


ible to analyze a situation cl 

* Signal ¢ Phot grap Library and Laborat y, TI Pentag 
Washingt . Dp ¢ Presented at cl PSA Nat il Coe t 
(hiwag 6 Ch cols 4 K | Ckrot 4 
66 


the Signal Corps Color Laborat 
1 pr x CSsseu i 
; 


tify hot tat 


distort the colors and brightn« sscs Of a scene or object to 
compensate for determinants of final that 
would otherwise be lacking in the reproduction 


perce pr m 


The term ‘‘color correction’’, as used in this paper, 
therefore, refers to changes necessary to bring about a 
more convincing representation of the scene or object 


photographed; that is to say, to make the photograph 
appear as much like the scene or object as possible 

In a particular photograph inadequate distribution of 
light has resulted in over exposure of important areas 
Since the deficiency of detail be re 
paired photographically, recourse must be had to manual 
application directly to the original transparency. Imbi 
dyes used by 
suitable and 


and color cannot 


bition dyes as well as the water-soluble 
colorists of black-and-white 
should be applied with a sable brush of appropriate siz 
to the back of the film rather chan to the emulsion side 

The success of the operation is dependent on the skill 
of the artist and the degree of correction necessary, but 
the results in most cases, are more photographic in effect 
than those attained by the application of dyes or pig 
ments to a color print 

In some cases deficiencies exist in localized areas of the 
subject when, for example, have re 
ceived insufhicient illumination in areas of low luminance 
Dye applied manually to the mask or applied to th 
separation negative can effect complete correction or at 
least an improvement. Incidentally, this technique may 
be combined with negative to 
semblance of detail as well as color to the shadow 

In portraiture, the desirability of negative retouching 
and facial make-up is still, and probably always will be, 


wints afr 


shadow portions 


retouching restore a 


a controversial subject 
are, however, widely practised and cannot be ignored 
Negative retouching in color on separation negatives re 
quires all the skill and artistry of black-and-white por 
trait retouching plus a thorough knowledge of subtrac 
Not only must identical areas in 
negatives be retouched, but also the amount of lead 


These physiognomic artifices 


tive color synthesis 
three 
or medium applied must be apportioned to cach negative 
according to the color correction desired 
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Negative retouching, of course, is an implement of 
color correction for other subjects besides portraits. Its 
application also to the removal of minor color blemishes 
in color photographs is a generally accepted procedure 

Manual color correction can be applied at various 
stages of the reproduction process. Even the matrices 
prepared for a dye transfer print can be hand colored in 
the manner of the Flexichrome process 
color correction filters may be employed success 
tully when exposing color film, it might seem plausible 
to put them to the same uses when making separation 
Study of the principles involved discloses at 

the inadvisability of such a procedure The 
tral sensitivities of cach of the three layers of a color film 


Ince 


Latives 
spec 


liffer from one another 


tral sensitivity of the thre 


whereas in separation the sper 
films is uniform and only che 
red by the 


subtractive 


distribution of the light source ts alt 
filters. Furthermore, the 
color filters applied in succession ts unpre 
ot the 


ontrol overt 


nergy 


scparation action 


of two or mor 
lictable in terms of the visual appr arance olored 


objects involved, so there would be littl 


the selection of correction filters 


Separation n¢ masks may, however, b 


altered with respect to their gamma to correct 


Vatives of 
crroncous 
color in shadow or highlight portions of the transpat 
ency. Forexample, by altering exposure and d 
of the green-filter n a favorable adjustment can 
be made in the shadows of a picture without undue hue 


velopment 


ative 


shift in the rest of the scale 
The effectiveness of masks in color cron 


understood. Though normally employed in a pr 


cor 


lye 


manner to compensate for inherent deficiencies of 


or pigments used in the reproduction process, masks ar 


also a helpful implement when compensating for defi 
original transparency to be reproduced 


available and 


iencies in th 

Filters of great 
when exposing the mask to bring about desired chang: 
or correction in the reproduction of a color transparency 
Foreknowledge of the relative energy of the filtered 
and relative sensitivity of the masking film 
will enable a prediction to be made of the spectral regions 
affected by the mask 


Varicty are may be used 


illuminant 


which will b 


Color correction filters are introduced at any convenient 
point of the optical system when duplicating color trans 
A primary corr ompensat 
tor the response of a particular emulsion under prevailing 
standard film 
ssing A secondary correction is then applied to 


compensate for undesirable 


parencics tion is made to 


conditions of illumination and color 
proc 
haracteristics which 
1. Sine 


color 
arc ap} arent in the transparency to be reproauce 
ther action with respect to the areas of 
lensities affected, filter corrections of this kind ar 
to transparencies which exhibit an 
selection of filters 


is no sel tive 


especially applicabl 
overcast of one color or another. Th 
for correction ts largely accomplished by visual inspec 
tion; though there ts little latitude for error, skill and 
experience to overcome the diffi 


combing ultcy 


It has been generally known for a considerable tim 
that the layers of an Ektachrome film can be selectively 
bleached The object of recent investigations was to de 
termine to what extent che onfine 
to a single layer and also what control can be exercis« 


chemical action ts 


To this end a series of neutral scale 
subjected to ide 


over the operation 
on Ektachrome film wer 
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ment for variable intervals of time to affect the cyan 
layer. The bleaching action is substantially confined to 
the cyan layer; densitometric measurements disclose a 
slight loss of saturation in the magenta and yellow 
layers During the time interval of 2 minutes to 10 
minutes the chemical action proceeds at a uniform rat 
thus affording excellent control 

A similar test was performed with a bleach intended 
to remove color from the layer Again it was 
found that the action is, for practical purposes, confined 
to the single layer and that the chemical action on a fixed 
concentration variable time basis was controllably pro 
gressive. In all these tests temperature was maintained 
ata 70 F constant 


yellow 


To determine an effective and convenient strength of 


b] a constant ume, variabl 
In such cases the chemical action shows 


concentration serics of 
tests were run 
uniform progression, but, since small quantities of some 
hemicals are required in the compounding of the solu 
tions and since the solutions are not stable for any con 
siderable length of time, it was considered more expedi 
control the bleaching by variations in time 

corrections may be applied to the matrix in 
transfer reproduction. It 


nt to 
Color 

involving dye 
found that strongly 
example sodium hydroxide, can be diluted to the 
they may be applied to a matrix without imme 
gclatin image The high 
taking great pre 
it 1s possible to 


hurces 


has cn caustic solutions, for 


pont 
wher 
liate dissolution of the whole 
attacked first, so 

action too tar 


light 
caution not to carry the 
or prints involving line-work by cleaning out or 


portions are 


ing any re-idual background ton 


el 

The corrections that can be accomplished by adding 
acid, buffer and highlight reducer to the first matrix 
rinse constitute such standard operating procedure that 
mention of it is made here only for the sake of complet 
ness 

The manual corrections described are, in reality, only 
a limited number of methods and combinations of meth 
ods that can be introduced at various stages of the repro 
In fact, the main limitations ar 


skill and ingenuity of the artiste and che 


fuction process those 
Im pose ! by the 
photogray her 

[he chemical and physical corrections, however, ar 
circumscribed by scientific principles in both their appli 
ation and control. It 1s hoped this paper, which 1s 
primarily a résumé of the subject, will stimulate sufficient 
renewed interest in color correction procedures to move a 
further investigation of particular 
phase Any one of th lescribed ts a fitting 
subject for research and development 
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ed manufacturing changes in Ektachrome film 


ect th hemical action of selecti bleaches 
ed masks v 


lor corre 


rable 


ld be preterabl t 
fransparcncics merits 
gucets, the degr { low 


the absorption at ach poet 
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DESENSITIZATION AND THE STRUCTURE OF 
DESENSITIZING AGENTS 
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ABSTRACT 


of organi truceur which 


ization m th photogray hi mulsion one 


ome common relationship which will cort 
Many of these ce 
Among the interpretations 
1) halter Het 


irradiating 


itizing action SCNSItiz 
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early by 
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ivan 1 quit 
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the desensiti 
Kep ce 
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Desens 

efiect 

otographic 1 

the Desensitiver Ls 
ializ ! as th 


from 


1m} 1y 


tan i vi 
o abstract an iectron 

Thi fT t in occur 
or without ich 
may act as nsitizer of 
oft th lat 


lighe or atmospheri 


! 


imag rive 
oxVvecn 
oxygen oxidation of organi 
reported 


itiz 


lizhe has been excellently 
rs." The lesensitizet 
leseruction of che 
tan the desensitizet 
with 


induced 


may 
sensitizing 
In this in 

ociatcs 
Only 


nsitizing dye but a 
nsitization ineffects 
hould be affected 
rpretations listed abov lo not account for 
itizing power xhibited by sensitizing dyes 
tablished that such powers 
fulness of the dy and that 


an independent 


lc is wel 

lermecie \’ the u 
i cnsitizing dy I 

apabuilitn 5 


i wo te sensitizing 


lesensitizing dyes ts a sub 
t also he 


replace 


upabilics s of 
I ible 
well known 
N in the m 


i maoictt ° n 


explained 
ment of a 


ind mi 
that the 
thin 


interest 


chain connecting two 


ly can convert a 


This is truc 


sitizing 
sicizer t | desensitizert 
resulting the nitrogens of the chromo 
n number of car 


resulting from 


hain at ! by an cvi 


tructur 


the phot graphic process sf 
tizing action displayed by these s 
iations with an ciectron in tl 
eh 


ng asso 


stat zation results from iS asscx 


such replacement contains a chromophoric group with 
the nitrogens separated by an odd carbon 
atoms the sensitizing propertics ar 

Any mechanism for desensitization must indicate some 
manner of interference with the process of latent image 
formation. Ultimately, a latent image results when an 
electron leaves the atmosphere of a bromide ton and 
combines with a silver ion. Neutral silver and bromine 
resule from this transfer, alchough the electron which 
originally left the bromide ton may not be the same onc 
with the silver ion The 
tron transfer is the expos- 


number of 
retained 


which eventually combines 
energy which triggers this cl 
ing light 

Desensitizers generally 
ductivity of an trradiat 
believed that desensitizing ag 
photo lectrons The 
quires the « lk ctron whi h woul | in normal 
lead to the formation of a latent imag 

It is the purpose of this paper to show how desensi 
atmosphere ' of silver 10Mms in a 
capture electrons A] 


! with the con 
Therefore, it 1s 
for 


cessfully ac 


Oo not interter 


1 mulsion 
nts afr 


lye su 


com yx titors 


de sensitizing 
ircumstan 


tizers, operating in an 
photographic emulsion, can 
though different organic structures exhibit desensitizing 


properties, thes molecules show a basic similarity which 


explains their desensitizing or clectron associating Capa 
bilities Thus, these apparently different compounds 
are connected in their desensitizing ability 

Despite the face that a molecule desensitizes and 
not inhibit photoconductivity, it may do so without 
necessarily forming an association with the electron \ 


| 


Gocs 


desensitizing agent can function by virtue of an ability 
to accept energy from an excited electron, while che 
electron returns to an unexcited stat The desensitizer, 


is NOW In an cxcitk d State, may dissipate 


How 


will be 


which likewis« 
its energy in a photographically uscless manner 
the agents here 
those which interfer mobility of 
xcited electrons, which do not attack imag 
and whose action ts interpreted as an ability to form an 
associative with mobile electrons in che 
photograph This a COMPCtitiy 
with the photographic trapping process 

It should be carefully pointed out that this paper does 
not delineate the only mechanism for desensitization 
What ts attempted here is the establishment of a rela 
tionship among some of the known structures, which 
may be one approach to explain desensitization. Nat 
urally, it is hoped that this working hypothesis will 
lead others to experimental work. Of interest, for 


disc ussc d 
the 
a latent 


ver, desensitizing 


do not with 


combination 


emulsion tion 1s 
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example, is the effect of pAg in connection with de 
sensitizing action 


Position of Desensitizers in the Emulsion 


It has been proposed that the desensitizers function 
well when they can function in close proximity to sensi 
tivity specks.’ This mav evident in 
view of the ability of small concentrations of desensi 
tizers to be so effective Thus, they appear to operate 
in close with the sensitivity specks of the 
photographic emulsion and in this serve efh 
ciently to trap the photoclectron which is released upon 
The sc traps function ina superior mannet to 
However, 
both 


be partic ularly 


contiguity 
mannect 


exposure 
the usual traps of the photographic process 
the native, as well as the 
insufficient for the inhibition of photoconductivity 

The mechanism of the trapping of an clectron or the 
of accretion of silver ions to a trapping site need 
not be liscuss { here : The 
tion at these centers are in the presence of 
which occur at the sensitivity specks; cithet 
are present there 1 thet 
migratory processes The below, 
will fit equally well for desensitizers randomly distribute 
over the silver halide 

The ability of an unsaturated system to 
well documented ‘ As 
below, an unsaturated aliphatic system can be shown to 


de scnsitizer traps ar 


mode 
desensitizers which fun 
silver 1ons 
the sc 10ns 
originally or arrive by subsequent 


however, 
| 


Lise ussion 


surtace 
complex 
le pPicte d 


silver cations ts 


complex silver cations by virtuc several resonance 


Ag’ 


association The 


lend 


clectronegativ 


stability to the 
such as 


forms which 
ability of 
complex silver has also been reported 

Similar to ch 


nuclei 


atoms, oxygen, to 


ilver 
ribed 


olefin comy lexes above 


ron 
been d . 


have 
tyyx 


aromatt associations 


Stabilization by forms of the 


in which the silver ion is located above the plane and on 
the six fold symmetry axis of the ring, have been sug 
gested as contributing to the resonance hybrid Stud 
ics of some solid compl xcs, with additional support 


quantum mechanical considerations however, 


from 
lead to the belief that the silver ion is located away from 
and between two Car 


the symmetry lying above 


bons of the aromatic ring 


axis 


For purposes of the present discussion it is not neces 


sary to postulate the association of the silver cation 
with any specific atom of a dy« 
plex Stable complexes with the unsaturation elec- 
trons may pi complexes There ts 
need to speculate as to the relative steric orientations of 


the donor and acceptor portions of the complexes dis 


to form a sigma com- 


occur also no 


< ussed below 
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Stable Odd Electron Systems 


If a desensitizer is to function by virtue of its ability 
to form a complex with a mobile clectron in the emul 
while situated in a silver ion “‘atmosphere’’, it 
becomes apparent that an odd electron system or free 


s10n, 


Ic is instructive to consider some stable 
odd electronic configurations with the 
trearment by Pauling, the ability of pairs of 
atoms to form stable bonds with an odd number of cle« 
trons caa be explained by the application of quantum 
mechanics The stability of this odd electron bond 
arises from a resonance of the electrons berween the two 


radical results 
In accordance 
certain 


nus le i 


B 
Il B 


into the orbi 
manner shown 


the electrons can be introduced 
A or Bin che 
since the exclusion principle of Pauli allows only 
two clectrons of opposed spins in any one orbital Now 
structure I nor structure Il corresponds to th 
actual stable structure of the molecule AB, which 1 
bonded together by the three electrons. Such structures 
alone would lead to repulsion of the atoms, or at best a 
attraction. If atoms A and B are the 
the same (1.c., they do not differ by 
clectronegativity than resonance between 
structures | and ll can occur, with al stable bond r sult 
ing [hat is to say, if atoms A and B are not identical, 
they should be at least adjacent in the periodic table 
This bond is about one-half usual co 
bond formed by a pair This theo 
retical approach to the stability of a three electron bond is 
clectron or a two cle« 


Thus. 
tals of the nuclei of atoms 
above. 


ne ith f 


same ofr 
more than 


weak 
nearly 
~U.5 mn 


as strong as the 
valent of electrons 


essentially the same as for a on 


tron (covalent) bond 
Only chree 
complicated orfank odd clectron structures can 


of the system A B discussed 


electron systems afe con idere | here sinc 
mor 
h« Vi wed is vinylogue 5 
above 


I he s¢ 


oxidative 


arise by 
may 


odd clectron organic structur may 
or reductive Such 
also arise by reduction, tollowed by oxidation 

\ familiar example of an odd electron organi 
process is the 


process structures 


struc 
resulting from an oxidative stable 
Wurster salt obtained by the oxidation of a p-phenylen 
liamine 


ture 


NR, NR, 


} A 


NR 
In this case there is a resonance between the equivalent 
nitrogen atoms which renders this odd electron system 
stable There stability 
of the radical made by the forms 


is also some contribution to the 


NR, 








Thes 


atom 15 les 


latter wrtant, since tl arbon 
As will be 
tripheny|lmethane 
lyes, if enough atoms are available for carrying the odd 
radical ot 
there I an 
forms contributing to the 
tructure 
ot che 
liarmine 


forms are less imy 
abl 
seen in the case of the 


to carry the odd electron 


cyanine and 
stability can be 


then Al cahanced 


forme ! - if 


c Ie ctron 
number of 
hybrid, 


gercatcr 


increase im ti 
anonical resonan 
the resonance energy of that will be 
mad fact that oxidized color 
a p-phenylene is known to 
lesensitization of the photographi emulsion We 
a Wurster sale of che type being formed 
by reduc tron stage of the oxidized 

leveloper This ¢ from the 


pro ss salts are 


Mention may he 
veloper lerivative 
effect 
may have above 
here tion in a one cle 
electron 
Wurster 


conceive ! as arising by a proce $s ot oxidation 
clectron 


color moves the 


photographi However 
normally 
By the 


dipyridyl, 


reduction, in a om stagc, of y,7' 


lia, of r by ther 


lipyridylium compounds, 


in acid mm bert 


ternary 


obtraine 1 odd 
clectron systems of stability This stability 


in either acid or alkaline solution, there ar 
1s believed 


to arise from resonance of the ty pe 


K 


‘ 


K 


with}minor concribucions from stractur 


R 
NY 


N; 


R 


Thus, ¥,7 
desensitize an emulsion by virtue of their ability to be 
reduced in a one clectroa process toa stable product, if 
the reduction potential of the sale ts of the right magni 
rude Indeed, such compounds have been patented as 
desensitizers 


dipyridylium sales might be expected to 


The dye sensitized photopolymerizations described 
by Oster represent examples of free radicals formed first 
by a reduction which is then followed by an oxidation 
form otf 


of this reduced the dye to a 


radical form.** 


scmiquinone or 


70 


Subsequent discussion will indicate how a variety of 
lifferent nuclei may be related by their ability to asso 
iate with an electron and thus desensitize a photo 
graphic emulsion. After association (that is, reduc 
tion) stable structures are assumed, which make the d 
sensitizing action potent. In the ability to form thes« 
resonance stabilized structures, after association, the d« 
sensitizers are related 

/. large number of heterocyclic bases, of the quinolin 
acridine, and phenazine series, are known to give prod 
ucts of a radical type by a one electron reduction mecha 
nism. The photoclectron in the presence of a silver 
ion can be visualized as an ‘‘electrode’’ for such a process 
If this be so, several corollaries follow 1) For the de 
sensitizer to be effective, i.c., reduced, it must be in close 
proximity to an electron and silver ion. Even in truc 
electrode processes, one clectron reduc tions occur at the 
electrode only.** (2) If the desensitizing action actually 
results in stable radical formation, then one may predict 
that as in some known radical reactions (c.g., poly 
merizations ) there will be desensitizers which will func 
tion as chain inhibitors (cf. below under pinakryptol 
green ).** This inhibition results from chain termina 
tion by molecules which yield highly stabilized reso 
nance systems which do not react further 3) If the de 
sensitizing action 1s a one electron reduction to a fre« 
radical, then it ought not to be a function of the oxygen 
content of the system. The enhancement of densensitiza 
tion by oxygen has been shown to be small.** (4) A 
final consequent of a radical mechanism for desensitiza 
tion should be the increased stability of the resonanc 
hybrid by contributions from forms with the odd cle« 
tron on atoms of different electronegativitics, as the 
multiplicity of such forms increase (vide infra cyanine 
desensitizers 


Azacyanine Desensitizers 


These are dyes in which a —CH of the methine 
chain of a cyanine has been replaced by nitrogen. It ts, 
perhaps, proper to start with these compounds since they 
appear to be sensitizing dyes, yet are actually 
tizers. Kendall has pointed out that 


dese nsi 


> 


C,H, 
was a sensitizing dyc, whereas, 


. 
% 


1 cu-n- 


CsH, I 


was a desensitizer.'° Kendall was the first to call atten 


tion to the fact that the number of carbon atoms separat 
ing the terminal nitrogen atoms in the chromophoric 
chain in the resulting molecule was the deciding factor 
in determining whether substitution of —-N= for —-CH 
would provide a sensitizer or a desensitizer."' 

Stated generally, desensitizing structures have an even 
number of conjugated methine groups connecting cle 
tron withdrawing atoms. As a result of quantum me 
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chanical resonance in the ground state of the desensitizer 
molecule or ion the electron withdrawing atoms arc 
capable of delocalizing the electron pairs and decreasing 
the electron density in the attached conjugated system 

This type of phenomenon may be more clearly demon 
strated in the case of the symmetrical thiacarbocyanine 
sensitizer 


Replacement of the central (or meso) methine group by 


a nitrogen atom provides the desensitizer, 


carbon atoms 


terminal 


number of 


nitrogen and the 


This desensitizer has an even 
between the central 
nitrogens. In this example, a sensitizing 
verted into a desensitizing dye 

nitrogen atom 


If che 
group, the resulting molecul 


two 
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ye is con 


incoming 


CH 


loes not replace th 
meso 


contains an odd number of carbon atoms between 


replacing nitrogen atom and the end nitrogens 
lye then results; of 


structur 


d by 


formed produces a 


sensitizing course, a 
spectral changes. Since che 


molecule which retains intact an amidinium structure, 
( N CH--CH CH==N ), it is not surprising that 


it is a sensitizer. What is bel ur is that che 
incoming nitrogen atom partakes of amidinium ion 
with cach of the terminal nitrogens. Such 
d for a dye to be a photographs 
This d 


obtatt 


omy ani 


ved two oc 


resonan 
resonance 158 
sensitizing dye of the cyanin 
the les 


the middle m 
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manner: Exten yanin 


higher vinvlogu replacing 
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resonan forms of 
with a silver ton and an clectro 
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We may ascribe desensitization to the ability of this 
compound (of which forms III and IV contribute to the 
hybrid) to associate with an clectron, before the 
tron can combine with a silver ion in the photographi 
emulsion This we desensitizers, azacyanines 
included, do not inhibit photoconductivity In the fol 
azacyanine 


elec 
do since 


lowing is shown such a combination of the 
with a silver ion and the electron: e 


Ag 


x 


Forms V and VI represent the more stable forms of the 
dye im association with the electron and 
heen omitted 


forms have 


silver ion 
Desensitiza 
clectron and 


Orher resonance 
tion can be pictured in this fashion The 
silver 1on addition, as shown above and subsequently, is 
Alchough 
f ymbol | he 


this is 
forms, in 
the dotted lines, appear identical to the resonance forms 
in the case of the Wurstet reduced y,¥y’ 
lipyridylium salts representative of stable odd 
Such stability when 
an ven number of conjugated carbons separating the 


lepicted on specific atoms con 


venient, # is only resonance 
salts or the 
electron 
syvstcms seems to occur ther is 
nitrogens 
in th 


Chis explains why substitution of a nitrogen 
center of the methine 
rise tO a desensitizer Th 


chain of a cyanine gives 


resulting structure 1 ta 


bilized by resonar 


Azine Desensitizers 


In chis seri 
of desensitizing 


pinakryptol green, | 


an be found some of the best « xamples 


lyes Ihe one used commercially, 
In thi cas 


stable a 


ad good illustration 
rion can be in 


nsitizing lye 


again, an clectron and silv sOcia 


cron with the des 
shown two of th forms for 


Below ar many resonance 


pinakryptol green 


NH, 


N 
| 


| 


N+ 





XI 


table resonan structures for pinakryptol nance Suitably placed nitro and ether groups are well 
nsitizer, are shown as follows known to stabilize free radicals The additional ele: 
tronegative nitrogen and oxygen may carry the odd ele« 
tron casier than a carbon atom. Further, since the 
clectronegativities of the oxygen and nitrogen atoms do 
not differ widely, important resonance stabilization to 
this hybrid may be obtained by resonance between these 
forms, since they are almost completely degene ratc 
structures X, XI and XII This may be diagrammed 
as shown above 


Anthraquinone Desensitizers 


A class of desensitizers possessing structures differing 
from those mentioned previously are the anthraquinones 


Such compounds as anthraquinone-2-sulfonic acid and 


1-chloroanthraquinone-2-carboxylic acid have been pat 
ented for this purpose 

It is instructive to include the anthraquinones al 
though it must be mentioned that their desensitizing a 
tion has been ascribed to the ability of these compounds 


of phenazines to become associated with 
to form insoluble complexes with cyanine type sensitiz 


rive a radical 1s well known from polaro 
ing dyes Emulsions sensitized with acid dyes (e.g 


erythrosin) are reported as being unaffected by anthra 
quinone desensitizers. Such acid dyes form no insolubk 
complexes with the desensitizer. Further evidence ad 
luced to the above view for the mode of action of anthra 
quinone derivatives is the failure of this class of de 
sensitizers to catalyze the Herschel effect 

Using anthraquinone itself it would appear that the 


graphi ; These studies mndicate that reduction 


oft ph nazine nuctes tr quent occurs in a one electron 
nce for the stability of such 
als comes from the fact that azine dyes, pat 


ag Additional evid 


pinakryptol green, ven im trace amounts 
recent) are inhibitors of dye sensitized photo 
polymerizations as described by Oster.** This ability 
to inhibie or anticatalyze a radical reaction process ts a foll | lien 
characteristic of a very stable free radical system. Such ollowing clectronic displacement might occur 
inhibicors (or stabilizers ) are, in the case of organic com 
pound 


system 


tructures which can yield stabilized resonance 


Styryl Structures as Desensitizers 


xample par exc llen of this class of sensitizing 

pinakryptol yellow which has the struccure Addition of an electron in the presence of a silver ion 
would yield an odd electron molecule having the con 
figuration 


(Hw Ag 


\) 


Here the addition of an odd clectron and a silver ion 
give rise to a variety of structures stabilized by reso 
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Similar structures, classified as free radicals of long life, 


are known. Such are,’ 


OH 


Structures prepared by Knott, which may be com 
dotted lines) and which 


to the anthraquinones 
lefined by 


pared 
mbody the requirements for a desensitizer as 


Kendall are of the type 


CH: 


Since these molecules possess two electron withdrawing 
groups connected by an even number of conjugated car 
bons, Knott expected that they would be strong photo 


graphic desensitizers They are 


Triphenylmethane Desensitizers 


structur 1s particularly 


Such a desensitizing dyc« 
exemplified by malachite green, 


CH 


in which there is a resonance hybrid contribution to the 


ground state by the form, 


CH,),:N —~ 


Addition of an electron in the silver ion 
to the dye would produce a structur 
to the well known stable triphenylmethy! radical, in 


forty-four canonical 


presence of a 
entirely analogous 
occurs 


sonance among 


This structur 


which re 


States may be represented as 


Ag 


It is of interest that malachite green contains conjuga 
cyanine system, with a pheny! 


It 1s, 


tion analogous to the 


group on the meso carbon nevertheless, not sur 
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prising that this compound ts a desensitizer. Stabiliza 
tion of free radicals by resonance in the triphenylmeth 
anes appears to be the more powerful imfluence. Of 
interest 1s the comparison of malachite green to its coun 


terpart, a true cyanine dye with a meso phe nyl group, ¢.g 


This 9-phenylcthiacarbocyanine is a sensitizing dy« 

A fundamental difference may exist between the 9 
phenylthiacarbocyanine and malachite green. It has 
been suggested that the phenyl group in the meso posi 
tion of the thiacarbocyanine is not coplanar with the 
remainder of th Plain projections of 9 
phenyl thiacarbocyanine that there would be 
severe crowding of the hydrogen on the phenyl and the 
was entirely co 


molecule 

indicate 
heterocyclic sulphur if che molecule 
planar For resonance stabilization of a free radical it ts 
believed that coplanarity is necessary for all the par 
ticipating groups. Ic has assumed that this co 
planarity is sufficiently achieved by the triphenylmethy! 
radical to render it stable.** However, it is true that 
complete coplanarity does not appear possible in crt 
phenylmethyl! since that would require the ortho hydro 
different phenyl groups to lie coo clos 


heen 


gens of the 
ror ther 


Cyanine Desensitizers 


lyes liste | above, 


desensituizing 


In addition to the desensitizing 
cyanine dyes themselves exhibit 
This action, to the native emulsion respons 
has been shown 


many 
propertics 
and to the induced sensitivity re sponse, 
to be independent of the sensitizing action of the dy« 
Actually, all cyanines can exhibit free radical stabiliza 
tion by resonance in a manner similar to that shown by 
the ! di cussed Reso 
nance is attained by contribu 
tions from forms in which the odd ele: located on 


sensitizing azacyanines above 
stabilization in this case 
tron 1s 


carbon and nitrogen atoms 


N 
KR 


Such forms differing in electronegativities will contribute 
less than identical or more nearly degenerate forms 

As mentioned above, as the number of resonance forms 
omposing the radical hybrid increases its stability in 


the clectron and silver ion addit 


nvenicn mly and should be regarde " i 
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its thermochemical stability 
ater stability is achieved by 
lates among an increased num 
iting ba ical tructure ha he cn shown 
ien h olecular orbital theory 
itizing structur 


Spence and Carroll have point 1 out chat 3,3 


licthyl- 
a thiacarbocyanine iodide, 


ToT) 


C,H, 


and 3,3’ -diethyl-4,4’-diphe 


mec Vanine 
1odt {< . 


icweighed 
form For poly 
al forms appear 
1, it has been 
17 system have similar structures and similar distributions of 
ormal co- Optical sensitization The former is a good sensitizer 
W. Baker while the desensitizing property of th 
ompour ful as that of pinakryptol green 


aromati Restricting attention to th 


late ris as pow r 


thazolo portion of th 
latter dye, addition of an clectron in the presence of a 


silver ion results in a structure which ts capable of th 


ALIONIC PX ( : ; following resonance 
x mplify th 


rnic form } i 


stabilization 


achieved by structures where carbon at 
tro 


In this case resonance 


Conclusion 


Desensitization can be viewed as ¥ mobil 


trons from latent image formatior lifferent 
organic structures function as d nsitizers fo 1¢ photo 
graphi process The action of th 


related by assuming that they a pt or are 


mobil lectron prior to its 


ombination 


A silver ion and an clectron serve as 


the reduction of the desensitizer Desensitizers at 
similar in that the final structures ved upon r 
tion, which are radicals 


al ar anal ¥ resonan 
stabilization 


hile th References 
n with small dhed W 


s hav he n sfu 
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aress of Chemistry tor 


PRODUCTION OF MULTIPLE 


BY THE DIFFUSION TRANSFER PROCESS 


A. J. Sievers” 


| HE PRODUCTION of more than one positive from a 


single negative by means of the diffusion transfer process 
has long been desired and considered For 
example, A. Rott in German patent 764,572 
lated July 10, 1940, mentions this possibility. How 
ever, to date none of the companies marketing processes 
of this type offer this advantage 
scription of the principles involved in this type of pro 


feasible 
number 


Following ts a de 


css 

\ slow speed contact emulsion, preferably of the re 
flex type is exposed to the material to be reproduced 
It is then passed into the processing solution together 
with a specially prepared “‘positive’’ sheet of paper 
After both sheets have been immersed in the solution, 
they are pressed into intimate contact by a pair of pres 
sure rollers which also squeegee off the excess solution as 
the prints are passed out of the processing machine in a 
semi-dry condition After approximately 20 
have clapsed, the negative sheet are 
stripped apart and the positive allowed to air dry for a few 
minutes, after which time it is ready for use. The nega 


5cC onds 


and positive 


*Remington Rand Ir Linwood Laboratories, Jot 
Middletowr Connecticut Presented at th 
graphic Processing preceding the PSA 
ago, Illinois, § October, 1954. Rece 


Sy Mposiul 
~ J 
Vatioft 


ed WN 
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tive is now ordinarily discarded, but it may be washed 
and dried for future use by conventional photography 
means 

The processing solution consists of the reducing agent, 
an alkali, a restrainer and a silver halide 
The reducing agents are selected on the basis of 
rapid reduction of the exposed silver halide since the 
paper is immersed in the processing solution for only 
approximately 12 seconds The combinations in 
eral use today are the Metol or Phenidonet-hydroquinone 
Sodium sulfite, potassium metabisulfite 
combination of both are the 
generally used preservatives. Since rapid reduction of 
the exposed silver halide is necessary, sodium hydroxid 
is most usually employed as the alkali and chis iseused 
in amounts to yield a working pH of approximately 
11.0-12.0 As cither the well known in 
Organic ones suc h as potassium bromide are used or the 
heterocyclics: benzotriazole, 6-nitro 
dazole, ctu are employe | The latter ones have the 
added advantage of also acting as “‘blue-black’’ agents 
and in most cases this is desirable However, a com 
bination of che organi 
For the silver solvent, sodium thiosulfate 


a pre scrvative, 
solve nt 


gen 


combinations 


or, in some instances, a 


restraincrs, 


organi benzimi 


inorganic and restrainers may 


also be used 


rk of Ilford, Led., for 1-pheny!-}-pyrazolidone 





Sensitometric curves tor 


10oO0 


a processing solu 
halide solvent content. It 
shows the relative positions of the positive curves ob 
tained for 4 successive copies, together with their cor 
copy, 


Fig. 1 


tion having a silver 


re sponding negative curves 1 st 


2nd copy trd copy 


hypo | although, the mor 
x pensiy 

ilso finding u ombination with th odium 

hypo 
In th 


actly th im 


trans! ilver solvent works in ex 


manner a onventonal fixing bath Ie 


| therefor 


} 


olubiliz th unex po and 
halide of th n 


orm, in th P of 


undevelop } 
vative muision y reacting with 
odium thiosulfate for exampl 
ulta omp! x 

th 


image of the 


halide 
} 


which 
ject mat 
liquid inter 
po tiv hects The 
oating whi h 


ontaining ft luction 


vativ ilver 
original su 


of migrating across th 


nepvatty and 


prrsitiy urta may consist 


of gelatin ually nucles 


ind acts a f or formation 


of cl positive image 


O5% Age SOLVENT 


? 4 +] 6 7 

LOG £ xPOSURE 
Fig. 2. Same as Fig 
having an 8&5 


1 but for a processing solution 
silver halide solvent content 


76 


ammonium thiosulfate ts 


Possibility of Multiple Copies 


The limiting factor in producing multiple copies from 
one negative might appear to he a lack of sufficient‘ti*ma 
tive silver halide in the unexposed and undeveloped areas 
However, when a determination was made of the amount 
of silver halid negative 
emulsion and a similar determination was made of th 
positive image transferred from this same areca, it 
found that only 14.0°) of the available negative silver 
halide had been deposited upon the receptive layer 
This 14°, was equivalent to a positive lensity of 1.0 at 
40 seconds contact time and 68 | Theoretically chere 
should be sufficient silver halide present in the negative 


contained in a given area of 


was 


ro make sc vi n Copics 


TO™% Ag SOLVENT 
2 | 4 's 16 17 


LOG EXPOSURE 


Fig. 3. Same as Fig. 1 but for a processing solution 
having a 70°, silver halide solvent content 


Conditions Unfavorable to the Formation of 


Multiple Copies 


When an attempt was made to form a second copy by 
passing the negative sheet through the developing ma 
chine a second time with a new sheet of receptive ma 
terial, either no image at all or at | 
Since analysis had shown the presence 
of sufficient silver halide for a second COpy and since the 
processing solution contained ample silver halide solvent 
to transport this remaining silver halide to the positive 
sheet, there must still be other factors to be 
A rapid reduction of the remaining silver halide to 
metallic silver in the form of negative fog would make 
halide unavailable for transfer. Simple 

measurements of various fog densities 
together with analysis to determine the corresponding 
amounts of silver showed that only a very small propor 
tion of the remaining silver halide was made unavailable 
for transfer by fog formation. Stull another factor might 
be a rate unbalance between the several reactions which 
occur simultaneously during the 
step. Since these reactions are all in competition for the 
limited amount of silver halide present, anything but a 
precise chronological sequence between them would re 


est an unacceptable 
one was received 


onsidered 


this silver 


lensitometri 


almost processing 
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OPEN EXHIBIT OF TECHNICAL PHOTOGRAPHY 
1955 PSA INTERNATIONAL EXHIBITION 
OF PHOTOGRAPHY: octoser 5-8 - SHERATON PLAZA HOTEL - BOSTON, MASS. 


To show the use of photography today in science, the Photographic 
Society of America announces an exhibit, to be shown at the Society's 
Annual Convention and later throughout the United States. 


The Technical Division of the PSA needs your best photographs to 
make this exhibit outstanding. 


Any photograph taken for scientific purposes is eligible. 


Read the simple conditions in this folder and send your photographs to arrive 
on or before August 25, 1955 to: 


PSA TECHNICAL DIVISION EXHIBIT « GEORGE EASTMAN HOUSE + 900 EAST AVENUE + ROCHESTER 7, NEW YORK 








CONDITIONS OF ENTRY 


The Technical Division of the PSA is pleased to announce 
that this year the exhibit will be designed by the George 
Eastman House in conformity to the best display practices. 
The photographs will be mounted on uniform 16 X 20- 


inch boards and the descriptive material will be printed 


in a uniform typographical style. For this reason prints 
must be submitted unmounted. 





] Entry is open to anyone, anywhere. Member- 
ship in the Photographic Society of America is 
not a requirement 


2 No entry fee is required. 


3 Any type of subject matter may be chosen which 
utilizes industrial or scientific photography. 
Purely pa photographs of equipment or me- 
chanical operations however will not be accepted. 
Practical applications of photography to technical 
problems are desired as well as photographs that in 
themselves reveal new scientific knowledge of general 
interest. Photographs in such varied fields as arma- 
ment, agriculture, astronomy, geology, medicine and 
physics are welcomed. However, photographs in the 
helds of zoology and botany except photomicrographs 
should porn. “a be entered in the PSA Nature 
Division Exhibit 


4 Both black-and-white and color prints, and crans- 
parencies 2'/, X 3'/, inches or larger by any 
photographic process are acceptable. 


Prints must be sent samonnted, accompanied by 

descriptive material explaining the purpose of 
each picture and how it was made. All photographs 
selected for the exhibition will be mounted by the 
George Eastman House, and the labels will be edited 
from your copy. The maker's name and his company 
affiliation (if any) will be clearly indicated. 


The contributor’s name and address should a 

pear on the back of cach photograph and on the 
mount of each transparency. Each print should be 
numbered and separate descriptive material given the 
same number 


7 There is no limit on the number of prints or trans- 
parencies that may be submicted by a contributor. 


While all possible care will be taken to safeguard 

ints and transparencies, neither the Society nor 

the Exhibition Committee can assume any respon- 
sibility for loss or damage. 


9 For your convenience and Se growetien of your 

otographs we have included an address form 
which may be pasted on the package containing your 
entries. ase use this form to mail your photo- 
graphs to the George Eastman House, East 
Avenue, Rochester 7, New York. 


10 All contributors ae eeened to complete the 

accom ying entry form and mail it to Heary 

. — 3 Avenue, Rochester 17, 
cw Tork. 


] Acceptana. for the Exhibit will be determined 
by a panel of three judges. All contributors 
will be notified of acceptances or rejections immedi- 
ately after the judging. Further selection of photo- 
graphs for the Technical Division's Travelling Ex- 
ibits or PSA Invitational Exhibition will be made 
after the convention with notification given at that 
time. All photographs not included in one of these 
additional exhibits will be returned after che close of 
the convention. 


1 Each contributor will receive an illustrated 
hoe catalog of the 1955 PSA International Ex- 
ibition. 














All contributors are requested to complete this form and send it by Ist Class mail 
EN T R Y F eo) R M to Henry J. Fassbender, 36 Couchman Ave., Rochester 17, New York. Please do 


TECHNICAL EXHIBIT 1955 NOT enclose this form with your prints or transparencies. 





Exhibitor's Date 


Name 
last 


Street Address 
City 
Company Affiliation 





Please check (\ ) appropriate columns or boxes 
Permission is granted to retain this photograph up 


to 2 yeors if selected for the Technical Division 


TITLE OF PHOTOGRAPH Traveling Exhibits or PSA Invitational Exhibition 


Yes 


Yes 


Yes 


Yes 


FERRE 


Yes 


Permission is also granted to reproduce prints and/or trans- 
parencies for publicity purposes in connection with the exhibits. 


PERSONAL RECORD 


Retain this port for your Ales 


Eleventh Open Exhibit of 
Technical Photography 


PSA Technical Division Exhibit 
George Eastman House 

900 East Avenve 
Rochester 7, New York 


To: 


CONTENTS: Photographs for exhibition only. Do not bend. 
To be returned to sender. May be opened for postal i ; 
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Processing solutions containing decreasing amounts of 
silver halide solvent were, therefore, investigated A 25 
sq. in. area of negative emulsion containing a known 
amount of silver halide was then exposed to a step wedge 


s 
Fig.4. TheD.max 4" , transfer print made in the usual manner This 


values of the three was done for three solutions; cach of different silver 


positive copies in Fig halid solvent concentration Upon separating the 


1 and 3 are plowed positive sheet, the negative was immediately immersed 
against the range of 


silver halide solvent '@ @ stop bath and then washed. When dry, densito 

investigated metric Measurements were made of both sheets followed 

by silver analysis The analysis of the negative ma 

terial showed the silver halide equivalent of metalln 

ule in a waste of silver halide For example, tf th silver in the exposed areas of the wedge and the amount 
reduction of the exposed silver halide were not rapid of silver halide in the unexposed areas. Subtraction of 


nough or if the action of the solvent was too rapid so 


that both exposed and unexposed areas were attacked 


/ 


in overall posit of metallic silver would occur on the 


positive sheet This would yield gray highlights and 


ould only be corrected by increased exposure which, of 


\ 


ourse, would mean wasted silver halide Or, if the 
solvent removed more silver halide than could be su 


fully reduced, silver halide would be wasted 


ee a | 


In an attempt to investigate all the possible factors 
leve lop r formulations were made covering all possit le 
variations of component parts [he development rate 
was increased by means of deve lopment accelerating 

Fig. 6. The relationship between the percent of avail 
able negative silver halide transferred by varying concen 
investigated as to type an ! amounts [wo Opies wet trations of silver halide solvent is established for each of 
obtained as a result of these studies Silver analysis of the three copies obtained 
} 


ompounds, the pH adjusted; and the restrainer was 
‘ 
the negative material, both before and after transfert 


and analysis of the positive image showed that of all the 

possible limiting factors the action of the silver halide this amount from the total silver halide content of the 
solvent was by far the greatest. While the processing ®¢gative yielded the amount of silver halide removed by 
solution was removing $2.1‘ 1», of the availabl silver the solvent To determine this amount as a percentage 


' 
halide in the negative, only 26.8°%, was actually reduced Of the total silver halide available for transfer, it was 


on the positive sheet. That meant that 25.3% was necessary to determine the amount of original silver 


lost to the processing solution; almost twice the amount halide consumed to form metallic silver. This was 
required for formation of a positive imag Also done by exposing and transferring a negative wedge as 
47.9%, of the silver halide was left in the negative before, but, this time, after separation of the sheets 
enough to form another 3.4 copies. From these figures ‘the negative was “‘fixed’’ in a normal F-5 fixing bath 
it became obvious that more detailed information con Analysis now yielded the amount of metallic silver re 
erning the role of the silver halide solvent was neces quired to form the negative wedge. Subtraction of the 
sary silver halide equivalent of this amount from the total 
silver halide gave the amount available for transfet 
Analysis of the corresponding positive wedges showed 
the amount of this transferred silver halide actually de 
posited to form the final imag 

Since the amount of available silver halide remaining 


x 


OF aCCuRACY 


MAbAeabebaadiaddardin ad rad 


TTT 


in the negative after formation of the first copy was 
known, a second transfer was made New negative and 
positive sheets were exposed and transfers made as be 


x 


BELOW Watt 


for savVING the first COpy and analyzing the second 


Opy Sensitometric values of the first copy compared 
to the measurements of the previous first set provided a 


e 
\ v 


upon the accuracy and reproducibility of this 
%Aqet SOLVENT 
PER LITER DEV eth After computing these results, a third trans 


we 


- 


a ( as made and analyzed by again taking new nega 
65% and 
70% optes for “‘checks’’ and analyzing the third negative 


and positive wedges 


positive sheets, setting aside the first and second 





PL 


5 
os wiLUGRaMmsS ag oerositeo I ight silver analyse Ss were require ! to ol tain a com 
, -. plete picture of the path of the silver halide throughout 
‘s 1 . . 
ig e amount of metallic silver deposited to form the process of forming three copies From the H&D 
the positive image and the maximum density produced by , 
this amount for each of the three copies obtained in the curves shown in Figure one, the effect of various amounts 
three processing solutions investigated of silver halide solvent upon the production of multiple 
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copies can be seen quite clearly, especially for the third 
COpy 
As shown in Figure one, the density vs. log exposure 


curve was obtained with a processing solution having a 


silver halide solvent content equivalent to standard 
single copy processing solutions This amount was 
lesignated as 100°) silver halide solvent 

Subsequent reductions, therefore, re present percentage 
lecreases of this amount. Corresponding positive and 
negativ inves have been plocee { for the three copics 
obtained As indicated, the maximum density of che 
third positiy irve is approximately 0.3 

The seri curves in Figure two was obtained for 


an identical processing solution with che exception that 


the content of silver halide solvent was reduced by 15% 
The negative curves are essentially the same but the 
lensities of the three positiv urves have all increased 
especially the maximum density of the third copy which 
is NOW appr yximately 0.55 

As shown in Figure thr with a 30°, reduction of 
ilver halide solvent the negative curves remain es 
entially unchanged but the maximum density values of 
the positives are at a higher level The third copy has 


heen increased to a maximum density of 0.68 


Figure four shows the inverse relationship between 
wsitive density and percent silver halide solvent a 
ittle more clearly The three slopes show chat the 


greatest density increase occurs in the third copy 

Figure five shows the amount of silver deposited and 
each of the chree 
curves represent the different percentages of 
The three 
on each curve are the values for cach of the three copies 
obtained in that particular processing solution. In the 
second and third copies the density increases as the per 
cent of silver halide solvent decreases, however, for the 
first copy the maximum density is essentially the same 
for the processing solutions having silver halide solvent 


the resulcant densities for 


The thre 


silver halide solvents investigated 


‘ optics 


numbers 


concentrations of 70°), and 85°/ 

In Figure six the relationship between the percent of 
silver halide solvent present in the processing solution 
and the percent of the available negative silver halide 
which is removed from the negative by transfer for each 
of the three copies can readily be seen. In the case of 
the first copy, the curve obtained is what one would ex 
pect; namely, an increasing amount of silver halide is 
transferred as the amount of silver halide solvent in the 
processing solution is increased. The curves for the 
second and third copies show a very interesting rela 
tionship, espe tally in the higher concentrations of silver 
halide solvent 
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Table I 


Y, AgX Solvent 85% AgX Solvent 100% AgX Solvent 


let Cx py 27.5 4) 44 
2nd Copy 23.6 23.5 ll 
ind Copy 5 5 23.5 
oY ly y 2 
f approximat ly 6% a; . W/- 


As shown in Table one and Figure six, transfer of the 
negative silver halide and subsequent image formation 
is most efficiently accomplished in the production of the 
second copy. Of the available negative silver halide 
25.6) is removed from the negative by the processing 
solution containing 70°, silver halide solvent and re 
sults in the maximum positive density, while only 11.7 
is removed from the negative by the solution containing 
100°) silver halide solvent. However, for the formation 
of multiple copies, maximum positive density is not 
piensa proportional to maximum amount of silver 
halide removed from the negative. Referring to Figure 
four and Table one, the maximum density of the first 
copy is approximately the same for the processing solu 
tions containing 70% and 85°% silver halide solvent 
although the amounts of available negative silver halide 
removed are respectively 27.5°) and 42.7° 

For the third copy the maximum density occurs for 
the 70°}, silver halide solvent concentration. This re 
moves only 7.8% of the available silver halide as com 
pared to 23.59) removed by the solution containing 100% 
silver halide solvent. As also shown in Figure four, 
the highest D max. for all three copies occurs for the 
processing solution containing 70° silver halide sol 
vent Table one shows this solution also removes only 
60.9°, of the available silver halide for the formation of 
3 copies, while the other two solutions remove pro 
gressively more; namely, 71.9 and 79.2%. Hence, the 
solution with the lowest silver halide solvent concentra 
tion removes less silver halide from the negative after 
forming 3 copies than do the other two solutions 
Theoretically the possibility of producing even addi 
tional copies with the three solutions tested is therefore 
greatest with the solution containing the least amount of 
silver halide solvent 

This entire investigation was based upon a standard 
contact time of 30 seconds for cach of the three copies 
Because of a difference in transfer rates, the densities 
shown for the three copies have diminished progressively 
with the number of copies. However, by using different 
contact times for each of the three copies, the densities 
can be matched quite nicely 
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SOME PHOTOGRAPHIC COPYING METHODS 
USEFUL IN LIBRARIES 


Karl M. Weigert* 


Visitors who wish to record 


F.. rue use of library 
quickly and cheaply small parts of articles or books for 
further study, three methods of making photography 
— are described All have been tested 


period of time and found to be practicab! 


over a con 
erable and 
valuable 

A commercially reflex 
Contoura’, consists of a portable light box used to press a 
sheet of sensitized paper into contact with an original by 
means of a plasti When used far enough away 
from incat scent room lighting or sunlit windows in the 
library, this method gives satisfactory results. Unfor 
tunately many modern libraries have changed to fluores 
cent lights for illuminating the reading rooms and thes« 
to fog the reflex copying 


$l 


available copying levice, the 


ushion 


produc enough ulcraviolet 


pape rs 
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Fig. 1 Small, portable light source for exposing 
reflex prints, thin enough to be carried in a brief case 
U. 8S. Patent Pending 
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Looking around for a photographic copying paper 
that can withstand exposure cto fluorescent light with 
out fogging and still have a conveniently short exposure 
tume under library conditions—up to half a minute 
and at the same time not too « xpensive, the Kodak Auto 
positive paper was selected. This has been found usc 
ful in both the thin opaque and in the translucent form 
Che Autopositive emulsion ts pre-solarized so that addi 
tional exposure to red or yellow light produces corre 
spon lingly lesser de nsitics 

The need for a really small, portable light source for 
xposing the Kodak Autopositive paper has apparently 
not yet been met commercially so a working model was 
that can be brief 
consists of tubular incandescent lamps ar 
SO powerful is the 


constructed carried casily in a case 
The devic 
ranged as shown in Figure one 
light from this unit that exposure times on the order 
of 15 to 20 seconds (depending on the reflectivity of the 
original document) are the rule The heat from 4300 
watts had to be dissipated by ventilation through the 
sides. Kodalith developer gave excellent contrast and 
several prints could be developed together to save time 


while using this otherwise slow-working developer 


Direct Reading Reflex Copies 


material 
letasl 
Copy 18 


Autopositive Translucent 


both sides ha 


paper vine 
printed on been described in 
First an intermediate, invet t reflex 

prepared from which a right reading final copy ts then 
print 


pensiv 


ading 


d Auropositive papers are considerably more ex 


than negative papers and a shortcut 
method) was Ther 
from the experts about a one step method but it was 
ap} arent from the he ginning that there was a chance to 
obtain a right reading replica copy by exposing th 
having it facing th with che 
back of the paper in contact with the print 
Che first attempts were complete failures under any 
light conditions, and no contrast of any kind could be 
buile up this way The problem was finally satisfacto 
1 by placing various kinds of sheet material in 
ontact with the emulsion and in the path of the light 
Only such materials that conveyed the light in a pr 
ferred orthogonal direction with very little light diffusing 
to th sic found to he usetul The effect that 
laminates diffuse light and causes only the formation of 
yherent and y™ rpendicular light rays could he called 
Collimating”™’ and the material to produce 
such an effect appropriately: collimating material 
The imp! another 


aut po itiv 


or one st Pp 


levised was no cncouragement 


mulsion si! te light source 


riiy solv 


were 


suitable 


st form of such material would be 
sheet pressed with the emulsion side against 
of che sheet | xposure times 


the emulsion side copying 
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lig. 2. Leica camera ar 
rangement with auxiliary 
equipment for copying 
printed pages by existing 
lighe 


prolong { and sted glass surface of 
kind to found underneath mos 
photocopying machine !. Although the dark 
arts lo onsid contrast ft 
ro make th ICS CAS) » read If che 
print 


| { print of a book, cops 


made by the direct a method would be 


ure rather 


oaung of similar 


an be 


f rably in de enough 


main invert 


an be compar with th 


simular 


newsprint Ie ha ome time to ft 


arti | in thavazin parat pla 5 


Copying with the Leica 


Another photocopying m thod was applied where only 
wade ivy ! 


Leica 


room with the so-call 


Plus xX Film 
9 and about 
The re " roduction from book 


sing a glass plat 


light was availabl 


Auxiliary Equipment Ordinary 


{ with an opening of about {/6 tof 


vd XPOSsuUr 


by pr on top covered 


ommodate th 
tened to the 


ardboard with holes to ac 
Cardboard flaps fa fram 
1 by che x] 


mpl 


ver sure Figure cw 


ascl and its construction 


oft th 
has be 


on whit 


n found useful in making diapositives 
film 


a white back 


from phot KOPy Negatives or 


puc on a light box, or even on 


ound 


Experiments are under way also to reprodu olor 


pictur from books and other colored surta 


Fig. 3. Simple equipment needed for reflex copying 
of book pages consists of two pieces of glass, a sheet of 
embossed cardboard for a pressure pad, a sheet of 
special negative paper, and a yellow filter 


A Simple Reflex Copying Method 


Reflex copying of charts, diagrams, tables, or pages 
from books may be accomplished simply and without 
using special light boxes which have to be plugged into 
electrical library 
regulations 

Using Kodagraph Repro Negative paper, a 
wich 


outlets, sometimes in violation of 
sand- 
consisting of a yellow acctate filter between two 
pieces of glass, and a piece of embossed, leather textured 
notebook cover paper, COpics nay he made using sun 
light or bright sky illumination. The exposuie varies 
from ten to twenty and usable reverse nega 
tives, from which positives may be made later, can be 
produced with a minimum of disturbance in the library 

As shown in the attached photograph (Figure three), a 


seconds, 


piece of plain glass, or other rigid material 1s placed on a 
table : then the book, opene 1 to the page to be copied 1s 
placed on the rigid ~ king The leather textured 
paper, which has been found to promote good 


contact, 1s 
inserted under the page to be ved, a sheet of Repro 


Fig. 4. The reflex copying “sandwich” shown in 
Figure three is exposed to sunlight or bright skylight at 
the nearest library window 


lown, directly 
in contact with the material to be reproduced, and the 
whole ts covered with the “‘sandwhich 
glass with the yellow filter between them 
sembly is then taken to the nearest window 
four), and exposed for the required length of time 
tact between the sensitized paper and the material to 
copied is assured by holding the ends of the assembly 
firmly in the hands during « x posure 

A small quantity of developer carried in a dropper 
bottle will enable the copier to develop a small test 
strip to insure that the proper exposure is being used 
Processing of the copies may be done at a later time 

Thanks ts due to Mr. Vin Agar for taking the photo 
graphs for Figures three and four and to che librarians 
of the John Crerar Library for their permission to test 
the various methods on the spot 


Negative paper is placed, emulsion sid 


of two pieces ot 
The as 
Figure 

Con 


be 
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DEPENDENCE OF THE RATE OF DEVELOPMENT OF 


=) 


S 


X 


URFACE LATENT IMAGE 


ON THE TEMPERATURE 


OF THE DEVELOPER“ 


T. H. James 


ABSTR 


for 
ly 
t the beha 


experiments 4 nt he 


the analysi 
pr ne 
graph i 
Amid at pH 1450 romide 
ferermined by the diffusi the loper 
t uf 
Diffu 
t by Metol 
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Apparent ac 
f the ad 
the depender 
t fen 


at pi 
atl nergy | ith decrea 
wption cataly 
tac 
high-exposu 
Ar pH 10 
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ri er th 


reascs 


| HE RATE OF de 


ve lopment of the latent image in 
with increasing temperature of the developing solution 
to determine the 
Under certain conditions, one fa 
tor and mask the of the 
others, but under most experimental and practical cond 


Several factors combine 


effect of temperature 


quantitative 


alone may dominate presence 


rions we must 
following tactors to the over-all effect of t mperature on 
develoy ment 

1) An 
rate of the 
particular 
perature 
cxpr 5 


onsider the possibl contribution of the 


increase in temperature increases the specifi 


chemical reaction or reactions involved. Ifa 
the tem 
range of temperature 
Arrhenius 


chemical reaction ts rate-controlling 
! a limited 
i adequately by the 


B i 


lepen nce ove©r 


can he < 


juation, 


Rat Cx} RT ] 


where F 1s the activation energy, R 1s the gas constant 
T is absolute tem B is 
r a sufficiently of temperature 
onstant pH, the of the 
lev hydroxy! 

If che 


nonmionized form, 


erature substantially 


imited 


and 
onstant ov 
2) At 


organ 


rang 


degree of tonization 


loping agents which contain 


with 
more 


groups increases increasing temperature 


tive than che 
oncentration of the m« 


Hen 


ionized form is 
this means that the 
of the 
iT ve lopm«< nt incrcascs 

3 The pH of a buffer solution of 


generally the temperatur ncrcases 
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form 
rate ot 


re active 


leveloping agent increases the 


fixed composition 


The 


decrea € a>» 
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devel 
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Ar pH 9.5 
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Metol 
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in the pera 


vine { ! 
mide and the 
fiffusson-con 
t che 


I 
temperature cx ! 


lled beyond th 


characterists 


tr 
gue 
th ft the 
t che 
ma A ris th 
the high-expo ife feogin and 
‘ 


temperature dependence hapx 


cxpe ire t ity | 


pr duce a des 


temperature increas 


than chat 
ive if de 


ater 


pment 


change in pH depends upon the nature and composition 
of the buffer 
ment usually is determined at a fixed developer compos: 
tion. Factors (2 
but the effece of (2 
4) The rat 


tcompx rature 


The temperature dependence of develop 


and 
usually exceeds that of (3 
of diffusion with 
This whenever 
fusion exerts a significant effect upon cl 
development 
}) The quantitative effect of temperature may depend 
upon the exposure of the photography material. If so 
this will influence the gamma speed relation in its de 
In general, fog formation | 


}) thus act in opposite directions 


in 
lif 
ot 


Incrcascs increas 


factor is important 


over all rate 


pendence on temperature 
more dependent on temperature than 1s image develoy 
ment, and this too will be reflected in the dependence of 
the photographic characteristics of the developed mat 
rial upon the temperature of development 


6 | 


The quantitative effect of t mperature will de pend 
upon the nature of the photographic material the nature 
of the developing agent, and che composition of the de 
veloping solution 

Much of che on the 
of development deals with limited tests 
formulas, often und 
h data 
Attempts 
lata mathematically 
Ferguson and Howard 


literature temperature lependenc 


le with prac 
controlled 


theoretical 


ma‘ 
cr poorly 
suitable for 
the temperature 
have not been notably 
suggested that the 
oethcient of development of a particular 


tical deve loper 


onditions. Su are not 


analysis to represent 
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successful 

temperature 
photographic material in a particular leveloper is con 
tant If this suggestion orrect straighe line 


were A 
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Development time (rrur 

Fig. 1. Density-time of development curves. OO, 
Development by 0.00125 M Amidol at pH 9.45, no 
bromide; @@, development by Amidol in the presence 
of 1 g. Kir liter; , development by 0.00125 M 6- 
amino-3-diethylaminophenol at pH 10.0, no bromide 
Solid curves represent log / 2.5; broken curves, 
log f 0.6. 


a safeguard against contamination of the de 
j 


suppli 
veloper solution by oxygen The developer apparatus 
was jacketed, and the temperatut controlled to 
+ 0.2 C by water circulating through the jacket. Th 
sensitometer strips were held by sulfur-free rubber bands 
to the outside of a hollow glass tube, and the was 
filled with water at the temperature of the thermostat 
The development runs were made at approximately 
10-degree intervals over the temperature range of 10-60 
( The developer composition was kept constant for 
any set of experiments. The pH of the solution, there 
fore, varied with the temperaturc The extent of this 
variation was determined, both experimentally and by 
reference to published tables on buffer compositions. The 
variation of development rate with pH at a fixed temper 
lata were 


was 


cube 


ature was determined experimentally These 
then used, when necessary, to calculate the development 

rates for a fixed pH at the various temperatures 
Borate buffers were used in all experiments in the pH 
of 8-10. The effect of temperature on the pH of 
these buffers varied according to the composition of the 
buffer A buffer composition containing 0.014 M borax 
and acid to give a pH of 8.50 at 20 C showed an almost 
constant decrement of 0.045 pH unit for each increase of 
10 degrees in temperature A similar buffer which gave 
a pH of 9.15 at 20 C showed a decrement of 17 pH unit, 
for an increase of 10 degrees, and a buffer which gave a 
pH of 9.50 showed a decrement of 0.09-0.10 Thus, che 
t mperature 


range 


pH of a given borate solution lecreases as th 


usc | to 


lepend 


increases. A carbonate-bicarbonate mixture was 
obtain a pH of 10.75 at 20 ¢ Che temperatur 
ence of pH of this solution was not determined, since th 
variation of rate or de velopment with pH was onsidered 
negligible for both p-(methylamino)phenol and 2,4-di 
aminophenol under the conditions used 

Development rates were measured in terms of the re 


CIproc al of the time in minutes require 1 to produce a 


lensity of 0.2 above base for log / i 4 
fog plus base for log / 0.6. It seemed incorrect to 
apply a fog correction for th levelopment of the high 
exposure image, since practically all of the grains ar 
made developable by this exposure However, it was 
found that even if a by subtract 
ing fog trom image densities at this high exposure, no 


and 0.1 abov 


correction’’ was made 


significant change occurred in the results for any except 
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the highly fogging 2,4-diaminophenol because the fog 
was negligible in most instances when the image density 
was only 0.2. Even with the 2,4-diaminophenol de 
velopers, the fog density was significant only at the 
higher temperatures Development rates also were 
measured in terms of the maximum slope of the density 

time of development curve for log f 2.5, and the aver 
age slope in the density interval 0.2-0.4 for log f 0.6 
The fog rates were measured in terms of the reciprocal of 
the time required to give a fog density of 0.1. Photo 
graphic speed was measured in terms of the reciprocal of 
the exposure required to give a density of 0.2 above fog 
plus base All exposures were made on the Eastman IIb 


Positive Sensitometer, and densities were read on a re wr 





ording physical densitometer 


Fig. 2. Arrhenius plots for Amidol developer at pH 
> 


Development by Amidol (2,4-diaminophenol 9.45. OO, 1/f rates, log E = 2.5; , slope rates, log 
¢ f 2.5; @@, 1 ¢ rates, log / 0.6; @@, 1 /f rates, 


dihydrochloride) log E = 0.0; AA, 1/f rates for fog 


Some preliminary tests were made on the pH-depend 
nce of development by Amidol. The concentration of 
leveloping agent was 0.00125 M, and the solution con 
tained neither sulfite nor bromide Development by 
Amidol showed little or no induction period. The rate 
increased with increasing pH up to a pH of about 9 into the exposed area 
Che rate showed only slight dependence upon pH in the 3) The rate of development by Amidol in the pH 
region 9.0-10.8, and decreased at higher pH. Data are region 9-11 is somewhat greater than the rate of develop 
give in Table J ment by 6-amino-}-diethylaminophenol at pH 10.0 

The rate of development of coated film by the latter 

Table I compound ts known to be diffusion-controlled, since the 

rate of development of the corresponding liquid emulsion 
by this agent ts at least 60 times that of the coated emul 
sion.* The face that the rate of development of th 
coated emulsion by Amidol ts somewhat greater than th 
rate of development by 6-amino-}-dicthylaminophenol 
instead of exactly equal to it ts to be expected, since the 
Amidol molecule is smaller and spatially more compact 

Figure one shows a comparison of the density—time of 
development curves for Amidol at pH 9.45 and 6-amino 
}-diethylaminophenol at pH 10.0. The rate of develop 

he rate of image development by Amidol at pH above ment by the bromide-free Amidol ts greater than that by 
9 and in the absence of added bromide is largely or en the 6-amino-3-diethylaminophenol throughout the en 
uirely diffusion-controlled. This is proved by the follow tire course of development for log / 2.5. The rate of 
ing experimental observations development by Amidol likewise 1s greater in the carly 

(1) Cross sections of the image in the high-exposure stages for log / 0.6, but development by 6-amino-3 
areas were obtained for various stages of development diethylaminophenol eventually overtakes it. The add: 
Examination of these cross sections under the microscope — tion of 1.0 gram of potassium bromide per liter of Amidol 
showed that practically all of the grains in the surface developer decreases the rate of development in the high 
layer of the emulsion develop first, then development exposure areca only slightly Diffusion still is largely 
progresses into the depths of the emulsion. The density rate-controlling even in the presence of the bromide for 
of the developed image is approximately proportional — the heavily exposed film. The rate of development in th 
to the thickness of the developed layer when the expo lower-exposure area, however, is only about one-half a 
sure is sufficient to make practically all of the grains great as it is in the absence of bromide, and some other 
levelopable rate process must be playing a part in determining the 


crodensitometer traces showed that this line was indeed 
denser on the fixed-out emulsion, but only by about 10 
percent. This line evidently ts the result of an edge effect 
caused by diffusion of developer from the unexposed area 


DEVELOPMENT BY AMIDOI 


2) The preceding microscopic investigation is sup 
ported by visual observation of the developing Strips 
under a Kodak Wratten No. O Safelight Filter. After 
levelopment for a minute or two in the 0.00125 M Amidol 
solution, the sensitometric image appeared to be quite 
strong when viewed from the emulsion side, but was 
scarcely visible when viewed from the base sid« As de 
velopment progressed, the image became readily visible 
from the base side, but the high-exposure end appeared 
to be surrounded by a line of much greater density. Mi 
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The preceding experimental observations establish that 
the rate of development by the bromide-free Amidol, at 
least in the high-exposure arcas, 1s determined by th 
f diffusion of 
layer of the hard film used. This developer, accordingly 
is well suited to a study of the effect of temperature on 
development in a diffusion-controlled system. A 0.00125 
M solution of Amidol in a borate buffer was used for this 
Figure two shows the temperature dependence 


the developer through the gelatin 
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> 
Fig. 5. Gamma~speed plots. A. Amidol developer 
a4, 10.450; 00, 20.20; @@, 30.4C; AA, 39.8C; 
i768 ¢ Kb. 1-Pheayl-4-pyrazolidinone developer 
aa, 4.9 ©; OO, 20.2 C; @@, 29.7 Cs AA, 40.2 ¢ 


relation The well 


represented by thi 


1/¢ and maximum slope rates ar 
Arrhenius equation over the entire 
sas shown by the 
logarithm rate es. 1000/7 
1-6.6 kcal/mole, which 
is identical with that found by Fortmiller and James’ for 
liffusion-controlled deve lopment by vanadous ion, and 
is within che 5.3.8.3 kcal/mole found by Lu 
Valle, Dunnington, and Margnece:'® in their study of the 
liffusion of hydroquinone in gelatin layers The l/s 
rates for log / 0.6 fall on a straight line of the same 
that formed by the rates for log / 2.5 for tem 
»of 20-50C, but the point corresponding to the 10 
( temperature falls slightly below this line 

A greatet 
cntng the | 


temperature range for the high exposure 
traighe lines obtained in che 


The activation energy ts ¢ 


plots 


range of 


lop as 
perature 
livergence ts observed in the points repre 

0.0 at both 10 and 20 ¢ 

This behavior suggests that, at these low t mperatures, 
rate-controlling in the 
levelopment of the low exposure areas | 


/ rates tor log / 


liffusion ts no longer entirely 
This deduction 
is supported by a comparison of the development curves 
for Amidol and 6-amino-}-diethylaminophenol. Data 
for the latter compound are not available at 10 C, but the 
urves given in Figure one for 20 C show that, although 
Amidol ts faster in the carly stages of deve lopment of the 
log / 6 6-amino-3 


a density of 


area, the curves cross and the 


Ceo15 ry hecomes faster above 


) At log 


to leveloy at the same ratc, 


0.0 (not shown), the two agents start 
Amidol ts definitely 


We may conclude 


but the 
slower above a density of about 0.15 ; 
that the rate of development by Amidol in the 
low-exposure region is not entirely controlled by diffu 
20 ©, and that the break in the log rate ws. 1/7 
plot representing log / 0.0 in Figure two represents a 
transition away from the state of complete diffusion con 
We shall encounter other examples of this behavior 


therefor 


sion at 


trol 
subsequently 

The rate of fog formation ts not controlled by the rate 
of diffusion of the developer through the gelatin layer 
If 1¢ were, the grains in the unexposed areas would be 
The over 
all activation energy of fog-density formation, as derived 
from Figure two, kcal/mole, and probably 
represents a chemical step in the formation of fog centers 
in the silver halide grains. The net rate of development 
of fog density is controlled by the rate of formation of 


reduce | as fast as those in the exposed arcas 


is abour 21 


a4 


fog nuclei which can initiate the catalyzed reduction of 
the grains. Such nuclei probably are formed by reduction 
of silver ions on the grain surface, perhaps at dislocations 
or adjacent co silver sulfide molecules 

If diffusion were rate-controlling at all temperatures, 
even at the exposure threshold, we should expect that the 
gamma~speed relationship would be essentially independ 
ent of temperature, providing the fog level ts too low to 
influence the gamma seriously. As we have seen, how 
ever, diffusion is not entirely rate-controlling at low 
exposures and low temperatures for the Amidol de 
veloper, and shis is reflected in the speed-gamma relation 
shown in Figure three. Speed increases with increasing 
temperature over the range 10-30 C w hen gamma is held 
onstant. There is little dependence of speed on tempera 
ture above WO ¢ 

The rate of development by 1-pheny]-3-pyrazolidinone* 
at pH 13 appears to be diffusion-controlled even in the 
toe region of the charac teristic Curve and over the entire 
range of temperatures investigated (5 40 ¢ The right 
hand portion of Figure three gives the spec {-gammarcla 
tion for this developer. Speed obtained for a given gam 
ma ts essentially iodepenions of temperature, as expected 
Development was restricted to relatively low gamma 

eres of the marked fogging tendency of this 

{< veloper 


values 


Development by Metol and Metol—Ascorbic 
Acid Mixtures 


Metol should diffuse through a gelatin layer about as 
rapidly as Amidol. Accordingly, if development by 
Metol under a particular set of conditions 1s much slower 
than development by an equal molecular concentration 
of Amidol at pH 9.45, we may conclude that diffusion of 
the Metol through the gelatin layer is not rate-control 
ling. This is the situation when Metol ts used at pH 
8.5. It may be suggested that since ionized p-(methy! 
amino)phenol ts more active than the nonionized form, 
the concentration of the ion should equal the molecular 
concentration of Amidol in making the rate comparison 
If this is done, the rate of development by Metol appears 
to be greater than that by Amidol by over an order of 
magnitude. Such a comparison, however, is not valid, 
since the rate of ionization of the developing agent ts 
undoubtedly much greater than the rate of diffusion, 
and hence, diffusion of the nonionized form is contribut 
ing to the concentration of ionized developing agent 
within the gelatin layer 

There is other evidence to show that diffusion of the 
leveloper through the gelatin layer is not rate-control 
ling when Metol is used at pH 8.5. Visual examination 
of the developing strips shows that the image appears 
almost as soon in the high-exposure areas when the film 
is viewed from the base side as when it is viewed from the 
emulsion side. Mucroscopic examination of cross sections 
of the film show that developed silver appears through 
out the thickness of the emulsion layer even at auite 
low developed densities (Figure four A), and the size of 
the developed particles throughout the layer 1s much 
smaller than che size of the silver halide grains 


* Ilford Phenidone Developing Agent 
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Metol-Ascorbic Acid Development at pH 8.5 


The developer used in this part of the work consisted 
of 0.278 gram of Metol and 2.78 grams of l-ascorbic acid 
per liter, and 0.014 M borax as buffer. The 
at this pH acts only to prevent the accumulation of oxi 
lized Metol, and the developer is effective 


ascorbic acid 


only for sur 
face latent image. The developer shows a marked induc 
The 1 ¢ rates of development increased with 
).4 power of the hydroxyl-ion concen 
he slope rates varied 

This dependence on 


basis of 


tion period 
pH as about the 
tration in the pH range 8.2 to 8.8 
as approximately the same power 
power can be accounted for on the 

leveloping agent 
levelopment by 


fractional 
adsorption of the ionized form of the 
Levenson'' has shown that the rate of 
Metol varies as a fractional power 
ft the developing agent at a fixed pH, and that the frac 


i | the addition of 


of the mcentration 


} 
romidce 


Fig. 4. Photomicrographs of cross sections of de 
veloped images. Magnification, 2,500X A. De 
velopment by Metol-ascorbic acid-KBr solution at pH 
8.5 to density 0.57. B. Development by Metol—sulfite 
developer at pHi 10.75 to density 0.36. ¢ Same de 
veloper as B, but development to density 0.81 All 


exposures to log | 2.5 
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Fig. 5. Arrhenius plots for Metol-ascorbic acid de 
veloper at pH 8.5. OO, 1/¢ rates, log I 2.5; 
slope rates, log / 2.5; 


@@, | / rates, log / 0.6; 
S&, slope rates, log / 


0.6; AA, tog rates 


Increase in pH effectively increases the concentration of 
the active deve loping agent 

Figure five shows the Arrhenius plot of log rate against 
A straight 


Various <¢ x pre ssions oft 


absolut 
line 1s obtained for each of: the 
rate employed The activation energies obtained, how 
ever! lepend upon che method of expressing the rate $cc 
Table Il To 
meaning of each method of expressing rate in terms of the 
levelopment of th of th 


the reciprocal of the temperature 


larify this point, we must consider th 


individual grains emulsion 


Table Il 
AC TIVATION ENERGII CALL ULATED PON 
VARIOUS METOL DEVELOPER 
‘ 


ri 


Ihe 1 ¢ rate 
this developer The 
ment of the high-exposur f 
tially rates of de velopment of the grains beyond the in 
This has been demonstrated previously 


are primarily induction-period rates for 
slope rates for develoy 
TC Ps are 


maximum 


itometct csscn 


luction period 
for two similar motion-picture positive materials by thre 
methods: measurement of variation of covering powet 
with duration of development, measurement of relative 


bromide-ion sensitivity at various stages of de velopment 


and actual microscopic examination of the grains at vari 


a4 
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evelopment tre (rrun) 


Fig. 6. Density-time of development curves for 
Metol-ascorbic acid-KBir developer at pH 8.5 and 40.2 
( Log F values: @@, 2.5; , 16; OB. 1.1; . 
0.6; aa, 0.2; AA, log 


of development. It was confirmed with the 
present emulsion by observations on the change in color 
of the image and by actual microscopic inspection of the 
silver deposits. A red to red-brown image is obtained in 
the early stages of development of the high-exposurc 


ous stag 


arcas The 
omes black at fuller development 

A different situation exists for development in the to 
This image ts black 
low densities, and the 


color changes: as development progresses 
an | he 
curve 


region of the characteristx 


even at relatively image grains 
appear to be nearly all fully develop 1 Of course, a 


I levelopment time 1s required to 


ly longer 
bring up the image in this region than in the high-expo 
In this low-exposure region, the induction 
periods of the individual grains vary considerably, and 
the increase in density with increased development ts 
in the number of de 


con idera 


sure Terwicon 


caused primarily by an increas 


veloped grains. In this exposure region, therefore, even 
the slope rates must be considered as essentially induc 
riod rates. An average slope measured between a 
4 and 0.5 for log / 0.6 represents the in 
luction period of a class of grains which have longer 
induction periods than those represented by the 1/¢ rates 
for density 0.] 
Thy shapx of che 
s with the exposure, and the change is a consequence 
of the transition from the one extreme mode of develop 


lensity of 


lensity-time of development curves 
Vari 
ment to the other. Figure six shows the family of curves 
obtained with a Metol-ascorbic acid deve lope rcontaining 
| gram of potassium bromide per liter The curve for 
log / 1.6 shows a break at a density of about 0.2, and 
the curve beyond this point ts nearly straight up to a 
about 1.0 The log f 0.2 1s 
straight almost from its inception and over the same 


lensity of curve tor 
range of development tim 
The over-all activation energies for the various Metol 

ascort i Al id de velopers are recorded in Table Il No 
attempt has been made to correct these values either for 
the heat of ionization of p-(methylamino)phenol or for 
the heat of adsorption The latter ts completely un 
known The former has not been determined directly 
for p-(methylamino)phenol, but it is known for hydro 
juinone, and it is unlikely that the values for the 1oniza 
tion of the hydroxy! groups in these two compounds dif 


RG 


fer by more than 1-2 kcal/mole. If this ts so, the correc 
tion for ionization would decrease the activation energies 
given by approximately 2 to 3 kcal/mole. Essentially 
the same correction would be applied to all of the values 
given for the bromide-free developer 

An examination of the values given in Table II shows 
that the induction-period activation energy increases 
with decreasing exposure. The energics calculated from 
the 1/¢ rates for the bromide-free developer show an in 
crease of 1.6 kcal/mole in going from an exposure of log 
I 2.5 to log E = 0.6. This value is well beyond the 
limits of experimental error. The difference between the 
energy « alculated from the 1/¢ rates and the slope rates 
for log E = 0.6 is even greater, and this indicates a con 
siderable difference in reactivity among the grains in this 
one exposure step. The maximum slope rates for the log 


I 2.5 step give an activation energy somewhat smaller 
than that applying to the induction-period region 
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Gamma-speed plots for Metol-ascorbic acid 


Fig. 7 
developers at pH 8.5. A. No sulfite. @@, 10.7 C; 


OO, 20.6 C; OB, 30.5 C; »39.9C; AA, 48.2C. B. 
Sulfite present. @@, 10.5 C; OO, 19.8 C; SB, 30.4 C; 
, 39.7C; AA, 47.7 C. 


Phe activation energies calculated for development by 

methylamino)phenol at pH 8.5 are much higher than 
the 6-7 kcal mole expected for a diffusion-controlled 
process. On the other hand, they agree with the value 
of 16 kcal/mole obtained by Fortmiller and James* for 
the development of the liquid emulsion where only a 
single exposure level was used 

Excess bromide ion in the developer decreases the rat 
of development and increases the dependence of rate 
upon both pH and temperature. A developer of the same 
composition as the — but containing 1.00 gram 
of potassium bromide per liter, showed a dependence of 
rate upon the 0.8-0.9 power of the hydroxyl-ion concen 
tration over the pH range 8.2-8.8. Once more, the rate 
temperature relation 1s adequately ee by the 
Arrhenius equation. The bromide-ion addition accentu 
ates the differences in activation energies obtained under 
the different exposure conditions (Table Il). When the 
bromide concentration is increased to § grams per liter, 
the rates of image development and fog formation arc 
decreased further, but little or no further change occurs 
in the calculated activation energies 
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More information on the detailed mechanism is needed 
before the temperature-dependence data on fog formation 
by the Metol-ascorbic acid developers can be accurately 
assessed The fog silver formed in the absence of added 
potassium bromide is highly colored (yellow to red) to 
transmitted light. The fog areas contain some particles 
of about the same size as the original silver halide grains, 
but they also contain a considerable amount of much 
more finely divided silver. The growth of the finely 
divided particles may occur primarily by physical devel 
opment. On the other hand, the fog formed in the pres 
ence of § grams of potassium bromide per liter is nearly 
black to transmitted light, and consists primarily of sil 
ver grains of about the same size as the original halide 
grains. The fog formed by a developer to which sulfite 
has been added but not bromide is more nearly spectrally 
neutral than that formed by the sulfite-free developer, 
but still shows some color. The fog silver formed by the 
Amidol developer is of substantially the same particle 
size and neutral tone as the image silver 

A further point to remember in considering the present 
data 1s that even the developers to which no bromide had 
been added initially contain some bromide during much 
of the course of fog formation. This added bromide may 
increase the temperature-dependence of fog formation by 
such solutions. It will not be of significance when the 
Metol-ascorbi acid solutions of pH 8.5 contain 1 to § 
grams of potassium bromide originally 

The temperature-dependence data for the Metol-ascor 
bic acid developer without bromide, but now containing 
27.8 grams of sodium sulfite per liter, likewise fit the 
Arrhenius equation. The sulfite exerts a definite solvent 
action on the silver halide at this concentration. The 
sulfite causes a slight increase in the activation energies 
for the 1/¢ rates at both exposure levels, but causes a 
significant drop in the value calculated from the average 
slope rates at log / 0.6. The sulfite also produces a 
significant drop in the activation energy for fog forma 
tion. This latter result is in keeping with the enhanced 
fogging activity of the developer containing sulfite, and 
is probably dependent on the solvent action of the sulfite 
on silver bromide. Such solvent action may reveal sur 
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Frog * bose densities 


Metol-ascorbic acid 
@e@,. 10.7 C; 


Fig. 8. Fog-speed plots for 
developers at pH 8.5. A. No sulfite. 
OO, 20.6 C; OB, 30.5 C; ~39.9C; AA, 48.2 ( B 
Sulfite present. @@, 10.5 C; 00, 19.8 C; OB, 30.4 C; 
, 39.7 C; AA. 47.7 
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Arrhenius plots of Metol developers at pH 
1/¢ rates, log E = 2.5; , slope rates, 
log E = 2.5; @@, 1/4 rates, log / 0.6; @&, slope 
rates, log I 0.6; AA, fog rates. Points marked with 
a cross line represent the same developer with the addi- 
tion of 1.4 g sodium sulfite per liter 


Fig. 9 
9.5. OO, 


face which is more susceptible to fogging attack by the 
developer, or may promote reaction between developer 
and silver ions in solution by supplying the silver tons at 
Ar least part of the 
de velopment 


a higher rate than water alone can 
fog shows characteristics of ‘‘physical 
Figure seven illustrates the dependence of the gamma 
speed relation upon the temperature in the presence and 
in the absence of sulfite. In general, the photography 
speed obtained at a fixed gamma increases with increas 
ing temperature, but the shapes of the speed-gamma 
curves vary with the composition of the developer. Sul 
fice, which lowers the activation energy in the low-expo 
sure region, increases the photographic speed for a given 
gamma. On the other hand, the fog obtained by develop 
ment to a fixed gamma increases with increasing tempera 
ture, and the fog obtained by development to a fixed 
speed increases with increasing temperature The fog 

speed relationships are shown in Figure eight 


Development by Metol at pH 9.5 


Development by Metol (0.00125 M) at pH 9.5 shows 
a definite induction period. The induction-period rates 
follow the Arrhenius equation over the entire tempera 
ture range, as shown in Figure nine The activation 
energies are only slightly lower than those found for th 
Metol-ascorbic acid developer at pH 8.5. The difference, 
if real, may be attributed to the higher degree of toniza 
tion of the p-(methylamino)phenol at pH9.5. There ts no 
evidence of diffusion control in the induction-period 
region 

The maximum slope rates for the high exposure and 
the average slope rates for the low exposure exhibit tran 
sition behavior as the temperature ts increased. A break 
occurs in the curves in the region of 30-40 ¢ he slope 
prior to the break corresponds to a somewhat smaller 
activation energy than found at pH 8.5. The slope be 
yond the break corresponds to an activation energy of 
6-6.5 kcal ‘mole, which is substantially that found for 
the diffusion-controlled development by Amidol 

The addition of 1.4 grams of sodium sulfite per liter of 
Metol developer has no significant effect upon the rate 
of development at pH 9.5. As shown in Figure nine, the 
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rates for the sulfite-containing developer fall upon the 
corresponding points for the sulfite-free 
The sulfite increases the rate of fog forma 
activation energy of 
A similar effect of sulfite upon fog was 
observed at pH 8.5, where the concentration of sulfite was 
20 times as resent experiments Evi 
dently, che relatively low sulfite 
concentration used here ts not enough to influence image 


same lines as the 
leveloper 
tion, however, and decreases the 


fog tormation 


great as in the 
solvent action of che 


leve lopme nt, but does influence the slower process ot tog 
formation 

Che speed gamma curves for this developer are given in 
the left half of Figure ten. The curves resemble in shapx 
those obtained with the Metol-ascorbic acid developer 


at pH 5.5 


Development by Metol—Ascorbic Acid at pH 9.7 


The Metol- ascorbic acid combination used at pH 9.7 
contained 0.00125 M Metol, and 0.008 M l-ascorbic acid, 
and no bromide This developer gave results which ar 
strikingly similar to those obtained at pH 5.5 (sex Tal le 
I] The induction period activation cnergics arc sul 
tantially the same as those observed at the lower pH, 
the activation energy beyond the induction period 1s 
somewhat lower. The shapes of the gamma speed curves 
likewise are similar 

The is no evidence that diffusion controls develop 
ment rates below 40 ¢ Some transition may occur be 
tween 40 and SOC, but this is notcertain. This difference 
in behavior between the Metol ascorbi acid developer 
and the Met | or Metol sulfite developer probably lies 
In the former 
p-(methylamino)phenol is oxidized during 
development, and can only be replaced by diffusion of 
fresh p-(methylamino)phenol from the solution. In the 
latter, ascorbic acid is present in considerable excess and 
acts to regenerate the p-(methylamino)phenol. Oxidized 
Metol thus need not be replaced by Tidusion from the 
solution so long as a sufficient supply of ascorbic acid is 
present in the vicinity of the development reaction 


in the role played by the ascorbic act 
developers 


Development by Metol at pH 10.75 


The temperature dependence of development by Metol 
was determined at pH 10.75 The solution contained 
0.00125 M Metol and 0.022 M sodium sulfite, and was 
buffered to pH 10.75 at 20 C with a carbonate~bicarbo 
nate The change in pH of this buffer with 
change in temperature was not dete rmined, since the rate 
of development by Metol ts relatively insensitive to pH 
in this region. Approximately three-fourths of the p 
methylamino)phenol ts ionized at pH 10.75 and 20 ¢ 
and any correction for change in pH with temperature 


solution 


would change the calculated activation energies by less 
than | kcal 

Metol at this pH develops with a small induction 
period, and the induction-period rates follow the 
Arrhenius equation over the temperature range studied 
(10-40 ¢ The data are given in Table Il. The activa 
tion energies calculated for the induction period at each 
exposure level are about 4 kcal mole less than those cal 
culated for pH 9.5. The difference may be accounted for 
basis of the heat of 


mole 


largcly on che ionization of the 





2 6 Z 
Gommo 
for Metol-—sulfite de- 


ee. 
aa, 


Gamma-speed plots 

pH 9.5 aa, 10.6 C; OO, 19.8 C; 
»47.6C. B. pH 10.75 

@@, 30.4 C; AA, 40.8 ¢ 


Fig. 10 
velopers. A. 
0.0C; AA, 40.2 C; 
10.1 C; OO, 20.4 C; 


p-(methylamino)phenol, if that heat ts assumed to be the 
same as for the ionization of a hydroxy! group of hydro 
quinone (about § kcal/mole 

The maximum slope rates for the high-exposure level 
likewise follow the Arrhenius equation. The calculated 
activation energy, however, is about that to be expected 
for a diffusion-controlled process at this pH. The curve 
representing the average slope rates at the low-exposure 
level is much steeper in the lower temperature region, but 
breaks at about 30 C. and the last portion of it has the 
slope expected for a diffusion-controlled process 

Addition of 1 gram of potassium bromide per liter to 
the developer increases the relative induction period, and 
also increases the calculated activation energy The 
activation energies are about 10 kcal/mole lower than 
those obtained with the Metoi-ascorbic acid developer 
at pH 8.5 in the presence of bromide. An increase in 
bromide to § grams per liter increases the calculated 
activation energy, but no further change occurs when the 
bromide is increased to 10 grams per liter. The Arrhenius 
curves are shown tn Figure eleven. The higher the tem- 
perature. the smaller is the retarding action of bromide 
on development 

The calculated activation energy for development of 
the high-exposure step beyond the induction period ts the 
same in the presence of 1 gram of potassium bromide as 
in its absence. All evidence points to diffusion as the 
controlling factor in the rate of development in this 
region. The appearance of the developing strips, when 
viewed through the base, is the same as that of the strips 
developed in Amidol Cross sections cut from the film 
in various stages of development and examined under the 
microscope show clearly that development takes place 
rather fully in the upper portion of the emulsion layer be 
fore any significant amount occurs in the depths, and that 
development then progresses by penetrating deeper into 
the emulsion layer (cf. Figure four B, ¢ The distribu 
tion of developed image parallels that observed with the 
diffusion-controlled Amidol developer. Finally, a com 
parison of the rates of development by Amidol and Metol 
shows that the two are nearly equal beyond the induction 
period. This is illustrated in Figure twelve, which also 
contains the curves for development at pH 9.5. These 
curves further illustrate the fact that Seodicatinens by 
Amidol is slower at pH 10.8 than it is at pH 9.5 
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The rate of development by the Metol solution con 
taining 1 gram of potassium bromide at pH 10.75 is 
slower in the toe region of the characteristic curve than 
is the rate of development by Amidol, and the activation 
energy of development by Metol is considerably greater 
than that of diffusion. Diffusion, therefore, is a factor 
of major importance in determining the rate of develop 
ment of the high-exposure areas, but is of little or no 
significance in determining the rate of deve lopment of the 
low exposure arcas 

The speed-gamma curves for the Metol-sulfite de 
veloper at pH 10.75 are given in the right half of Figure 
ten. The S-shaped curve which characterized the rela 
tion at pH 9.5 1s largely or wholly absent at pH 10.75 


Discussion and Conclusions 


Che present investigation has shown that the tempera 
ture dependence of development of a hard motion-picture 
Arrhenius 
equation under conditions such that only surface latent 


positive emulsion is well represented by the. 
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Fig. 11. Arrhenius plots for Metol—sulfite developer 
at pH 10.75 and log E = 2.5. AA, No KBr; aa,l ge 
KBr/1; OO, 5 @ KBr/l; @@, 10 g KBr/1 Solid 


curves represent | /¢ rates; broken curves, slope rates 


image is involved and diffusion is rapid compared with 
the chemical reaction. If diffusion ts rate-controlling, 
the temperature dependence once more is represented by 
the Arrhenius equation, and the activation energy indi 
cated 1s that of the diffusion process. Intermediate con 
ditions can be recognized by a transition as temperature 
indicated activation energy from that 
representing the chemical reaction to that representing 
the diffusion process. Diffusion plays no significant part 
in determining the rate of development by Metol at pH 
8.5 At pH 9.5, diffusion becomes important in che 
high-exposure areas when the temperature exceeds 30-40 
C and the developer contains no bromide Ac this pH, 
development by Amidol in the absence of added bromide 
1s diffusion controlled over most of the exposure range 
represented by the characteristic curve At pH 10.75, 
the rate of development by Metol is diffusion-controlled 
beyond the induction period in the higher-exposure areas, 
but not in the toe region of the characteristic curve 

This investigation has also shown that the over-all 
activation energy of development by Metol is dependent 
upon the amount of exposure when diffusion is not rate 
controlling. As the exposure increases, the activation 
energy decreases. This dependence of activation energy 
upon exposure becomes more pronounced when bromide 
1s present in the developer 


increases in the 


PSA TECHNICAL QUARTERLY, MAY 1955 


evelooment time (mn 


Pig. 12. Density-time of development curves for 
log f 2.5 and 20 ¢ OO, Amidol, pH 9.5; @@, 
Amidol, pH 10.8; AA, Metol, pH 10.75; aa, Metol 
KBr, pH 10.75; , Metol, pH 9.5 


The over-all activation energy, as calculated from the 
Arrhenius equation, is a composite value which may 
include terms representing the heat of 1onization of the 
developer, the heats or activation energies of adsorption 
of the developer and desorption of the oxidation prod 
ucts, as well as the activation energy of the actual chemi 
cal change. The over-all activation energy can be cor 
rected for the heat of ionization if the heat of dissocia 
tion, the dependence of rate upon the concentration of 
the developer ion, and the degree of ionization at a par 
ticular temperature and pH of the developer are known 
The correction applied actually represents a correction 
for the change in concentration of the active developer 
species with change in temperature. Since the develop 
ment rate is more dependent upon the developer-ion con 
centration when bromide is present, the correction ap 
plied to the data in Table II will be greater for the de 
velopers containing bromide than for the others. At pH 
8.5, however, the difference will account for an increase 
of only 2 to 3 kcal/mole produced in the over-all activa 
tion energy by the addition of bromide. The observed 
increase produced by 5 grams of potassium bromide pet 
liter varies from § to 10 kcal mole, depending upon the 
exposure and the particular development rate considered 

The additional increase over that attributable to the 
heat of dissociation may represent an actual increase in 
the activation energy of the chemical reaction. Increased 
bromide-ion concentration should decrease the activity 
of the surface clectrostat 
attraction between the two 1on species The increase 
also may represent a change in the adsorption factor 
No data are available from which heats of adsorption of 
the develop r can be calculated, but there is evidence of 
comp-ttion between bromide ion and developer for 
adsorption sites, and this may be reflected in the heats of 
adsorption. There is no reason to suppose that the heat 
of adsorption of either 1s independent of the amount of 


silver tons because of the 


surface coverage 

At a pH of 10.75, the increase in over-all activation 
energy caused by the addition of 1 gram of potassium 
bromide per liter is much smaller than at pH 8.5. The 
maximum change at pH 10.75 ts not reached until about 


5 grams ot potassium bromide per liter have heen add« d, 
whereas the maximum has been reached at 1 gram at pH 
8.5 This difference 


may arise from failure to establish 
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adsorption equilibrium at the lower concentration of 
bromide when the pH ts 10.75. The rate of the develop 
considerably greater at this pH than at 
and a higher concentration of bromide may be 


for this reason alone 


ment rca 
| H # ) 


needed 


tion 1s 


The observed dependence of activation energy on ex 
ord with the view that development fe 
upon adsorption catalysis. The fundamental basis 


tor photographic development is the enhanced reactivity 


posure I int as 


pend 


Silver ions 
lerived from 
reduction 1s 


of silver sons in the presence of silver nuclei 
silver by electrons 
this 
in contact with metalli 
and hence more silver is deposited in the 
Adsorption 

factor ot 

+ Te per 
reaction to proceed with a smaller activation 


are reduced to metalli 
the developing agent The 
greater when the silver tons are 


rate of 
silver nucles 


presence of such nuclei than in their absence 


of silver tons by the catalyzing nuclei is che 
major importance in promoting the reaction 
mits th 
energy than that required for reaction of a silver ion in 
pure silver halide In 
silver ion 1s adsorbed from 
In direct chemical develop 


slver-silver halide interface ts the favored spot 


olution or on the surface of 


physical development, the 
solution prior to reaction 
ment, the 
tion The 


ul ect | toa { sor | non torc 


for rea silver tons at this interface are already 
sand are probably displaced 
from their normal lattice positions 


The adsorption for at the silver silver halide inter 


fa should depend, to some extent, upon the size and 
nucleus and this, in 
tivation cnergy, 
If the de 
complex with silver son 
sted by a 
reaction occurs at a triple 


ha li {1 


energy on ¢ x posure < 


onfiguration of the latent-image 


turn lepend up mn the exposure The a 


asa msequence, May vary with exposure 
veloper is adsorbed and forms a 


prior to reduction of that ion, as sugg con 
| 


siderable box of eviden 


interta hetween r, silver 
Th lepr nden ota 


then vary with the developing agent 


and developer 
tivation ould 
The temperature dependence of the solvent action of 


water or other solvent on silver bromide could influence 


the calculated activation cenergics under certain cond 
If, for example, 


in the lower-exposure region did not become effective in 


tions some of the latent-image centers 


promoting development until a localized solution of 
ome silver halide made them accessible to the developer, 
the rate of development would depend upon the rate of 
such solvent action. The rate of solvent action should in 
rease with increase in temperature, but the quantitative 
Alchough this mechanism 
remains as a possible explanation for the dependence of 
activation energy on exposure, the present data show no 
simple correlation between solubility of the silver halide 
addition of bromide or 


activation energy 


dependence is not known 


in the developer (as varied by 
and che 


The dependence of the activation energy on the amount 


sulfite 
of exposure may be quite general. Some dependence was 
observed by James and Vanselow® in development by 
l-pheny!l-3-pyrazolidinone at pH 6.5 where diffusion was 
\ dep ndence also was observed 
developers in connection 

. dependence was 


not rat controlling 
with various hydroquinone 
with the present work, although ¢ 
not as great for hydroquinone as for Metol 

The dependence of activation energy on =p sure in 
fluences the form of the curve obtained at 
any stage of de velopment, and influences the dependence 
of the shape of that curve upon the temperature of de 


characterist 


90 


velopment. The change in the shape of the curve with 
hange in temperature is qualitatively that expected 
from the activation energy-exposure relation. A quanti 
tative treatment would involve considerable difficulty, 
however. In any particular exposure step, the grains in 
the lower depths of the emulsion receive less exposure 
than those near the surface. Each exposure step, there 
fore, represents a range of effective exposures of the grains 
in that area of the coating, and this would have to be 
taken into account im a quantitative treatment of the 
effect of temperature on curve shape 

The increase in activation energy with in ex 
posure causes the toc speed to increase with temperature 
for development to a given gamma, or to any fixed density 
on the straightline or shoulder portions of the curve The 
increase IN sp ed, however, is at the « x pense of an increas 
in fog, since the activation energy 
higher than that of image development 

As the pH of the Metol developer is increased, a point 
is reached where diffusion of the developer into the emul 
sion becomes largely rate-controlling for developmert 
of the heavily exposed areas beyond the induction period 
The rate of development shown in the toe region of th 
urve is still largely controlled by the rate of the chemical 
reaction This transition is accompanied by an even 
more pronounced relative flattening of the shoulder of 
the characteristic curve. This state of affairs is reached 
with the Metol developer at a pH of about 9.5 and 
temperature of above 40 C when the developer contains 
no added bromide. It is reached at 20 C or below when 
the pH ts 10.75, even if the develope r contains | gram of 
| itassium bromide per liter 


decreas 


ot tog tormation 1 
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RESULTS OF A STUDY ON OFFSET COLLOTY PE 


Harry H. Lerner* 


HE Process commonly called ‘“‘photo-gelatin’’ or, 


preferably, ‘‘collotype”’ has been in the hands of printing 
craftsmen for some fifty years. The literature on the sub 
ject is exceedingly sparse and whatever is available fails 
to disclose many of the important techniques used in the 
process. It is therefore not surprising that little is known 
about collotype and few people in the Graphic Arts 
Industry have taken an interest in this unique method of 
printing 

Collotype is the only photo-mechanical method which 
is capable of printing a continuous-tone, 
image Another distinguishing feature of collotype { 
the exceptional tonal quality which it ts capable of yield 
ing. Its chief disadvantage, of course, is its short run of 
very uncertain duration. It might be well to review 
briefly the basic aspects of the collotype printing method 
so that the process will be clear to those who are meeting 


screenless 


5 


it for the first time 


Basic Principle of Collotype 


Just about a hundred years ago a Frenchman by th 
name of Poitevint discovered the basic principle of Collo 
type, namely, that a bichromated colloid such as gelatin 
was light-sensitive and could cause a reaction to tak 
place which tanned the colloid in direct ratio to exposure 
This ts not only the basis for Collotype—it ts also the 
basis for almost every photo-mechanical printing method 
practiced today. But the unique property of the bichro 
mated colloid has been largely overlooked in all the 
screen methods such as Photo-engraving and Lighogra 
phy. Only in Gravure and Collotype do we take ad 
vantage of the unusual straight line reproduction curv 
which a bichromated colloid ts capable of yielding 

Briefly, the mechanism of Collotype is the following 
with sodium dichromate and the 
The plate thus 
and 


gelatin is sensitized 
resulting solution is coated on a support 
formed 
an image ts creat 


lated by the negative 


is exposed un ler a continuous-ton 
1 in accordance with the light modu 
W hen che | late ts j lace { 
in water and the bichromate sensitizer is washed out an 
image 1s left in the gelatin layer that 1s composed of rela 
tively hard and soft gclatin. The picture afcas represent 
ing shadows arc, of highly tanned while the 
middle tones and highlights are relatively less tanned 
If the gelatin layer is swelled in a glycerine and water 
bath it 1s quite obvious what will happen. The imag 
will take up glycerine and water, in exact proportion to 
the amount of tanning produced by the light which 
passed through the negative on exposure When chis 
image is inked on the press, those areas which are very 


negative 


lensities 


course, 
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hard, such as the shadows, will accept ink readily while 
the less tanned areas will accept less ink and the high 
lighes will actually repel most of the ink. All that ts 
left 1s to transicr the inked image to a sheet of paper 
Normally, this is done by Direct Rotary lighographx 
presses which are now considered the relics of the print 
ing industry In Europe, flat-bed presses are still used 
and, instead of coating a sheet of aluminum for the plat 
as we do, they coat a heavy piece of plate glass The 
process, however, is essentially the same The paper 
comes in direct contact with the plate and pulls the ink 
out 

The ( process 1s exceedingly simpl 
straightforward. When it was introduced in this coun 
try more than fifty years ago, Collotype was surprisingly 
almost immediately Yet tech 
nological advances were made in Collotype in all thes 
years with possthly one exception Around 1930, the 
Direct Rotary press was introduced for a Collotype plat 
and this was a great improvement over the European flat 


lotype and 


essful hardly any 


SUCE 


A press run of §00 impressions per day for a flat-bed 
press while the Direct Rotary 
under ideal conditions could produce ten times that 
amount or around §000 impressions which ts juse about 


he 1s 


was considered average 


the limit for the gelatin plate 

By the late 1930's, the need for longer press runs was 
licteated by developments in American business. Highly 
organized national distribution set-ups required wide 
spread advertising coverage and this in turn gave rise to 
commercial printing which could adequately fulfill chose 
needs. The Collotype printers, flushed with the success 
of the Direct Rotary press, took the next logical step and 
But the high 
hop s soon vanished and by 1940 or thereabouts the offset 


for ¢ olloty px printing 


put the ¢ ollotyp plat on an offset press 


presses had proven to be a fatlut 
and were discarded 

Ihe offset press was at 
printers never blamed the plate, 
them such excellent results, and it was natural for chem 
to find faule with the offset principle rather than with 
their chief stock in trade. Why did these initial experi 
I cannot give you any first hand information 


fault for the Collotype 
which had always given 


ments fail? 
on the answer to that que stion as I was not connected 
with any of the three firms that had put in offset presses 
But a number of our employees actually took part in the 
experiments. This is what they report in more or less 
their own words 

] The shadow detail was poor and after a few thou 
sand im pre ssions the y wer comy letely close d up and 
clogged 

2. Never could run enough ink to get even a fair black 

prints had a dull grayish look 

3. Fine detail was very often fuzzy and unsharp 

4 Pri ss had to he stopp. d an | | late damypx ~ muc h 
roo often 
and roller marks were difficult to 


) Gear streaks 


climinat 








( Color work was flat and required many more extra 


olor 


tions and it was 


{ 


could 


Thy a rather imposing list of oby 
ould he 


viving uf 


j 
? 


ntly more than handled so om 


not blame them tor 


Aerial Photograph Reproduction 


ome two years ago, Messrs. Robert E. Rossell and 
Stephen W. Gibson of the Engineer Research and De 
lopment Laboratories at Fort Belvoir began to study 
ontinuous-tone printing for purposes of reproducing che 
made to 


information was 


Visits wer 
licel 
ivably be en 


fine detail of acrial photogray hs 
ill the ¢ 
forthcoming wht 
Their ¢ quirement of a 
plate ounded lik lream 
Iriton Pr 
ingly rare and to double 
i 


olloty| and very 


| lant 
h could con ouraging 


minimum 10,000 run trom a 


a fin It was the experience of 


that runs over 5000 impressions were exceed 
that figure as a minimum require 
say the least Plates 
abrasive action of the 
And since th 
{ of hard 


portions, 


ry ambitious, to 
of the 
plat 


ment was inde 
out prin ipally b sus 


ontact with chi surta 


muision 1 won ity OM pos and 


ompri g the image and non-imag 


mship of soft co hard gelatin cannot be changed 


reat degt Consequ ntly, th ott are 
the highlights of th 
ntually break 


not as drastt in 


as repre 
ll as che 
oltset press this 
rubber blanket 


rable pressut 


image as W 
In th 


only th 


non 
flown 
However, consid 


plat must 


n blanket and plate to pull out a heavy te 
shadow Ihe highlights, 
will take the brunt of th 


will finally break 


being 

with moustur 
} blank 
rapidly a 


Lherefor th 


impact 
t and lown although 


ota from direct contact with paper 


emphasis for chi study was 
whi h is 


Ofiser ¢ ollotyp 


rowar#» improving th plat 


oating 
cl liet with 


what kperimenter 


| luring 


World War II s ed that 
juantities of acrial photographs 


late cx 


ain 
ted for larg 


m and in some iscs to bring uy to 


topographi 
ubject 


maf or the reproduction of con 


ton h as aerial photographs th 


equipp {, 


glass halftone s 


luring che 


. ul 
ypographic units of the Army wet 


arly part of the war, with 14} lin reens 


The 3OO lu 
ing tl 


magenta contact screen was developed dur 


war in conjunction with the Corps of Engineers 
lat type were issu 1 co the 


ivailabl 4 70-lb 


addition 


topographi 
coat ! 
high wet 


substance 
to th 
| tor halftone reproductions 
attempt 
tw provide for th 


going that every 
ot wat 


acrial photographs and 


ver nding search for 
investigation of Collo 
the troops in the field with 


high luctions 1s 


f neo 


quality repro extremely 


matter how intensive the training in 


may a photograph or reasonable facsimile ts 


always { rred over a topographi In some arcas 


maps do not exist and reproductions from 
| | 


map 


tin. ul malat 


tograph be all chat us avatlabl 


| may 


It was also decided to make the program as broad as 
possible in the hope of striking a lead that could logically 
be pursued. The objective of the contract that was 
finally awarded to Triton Press, Incorporate 1, New York 
City, by the Engineer Research and Development Labora 
tories, Corps of Engineers, U. S. Army, Fort Belvoir, 
Virginia, was, however, very clearly defined; namely, 
to find a practical method to print at least 10,000 coptes of 
acrial photographs in screenless, continuous-tonc The 
catch, of course, is in the word “' practical and what 
could be more practical than to make it a pre-sensitized 
plate. So, the lise of requirements began to multiply and 
the program became broader and broader. Here 1s a par 
tial lise of subjects which had to be investigated: 1 
Pre-sensitized plates; 2. Pre-coat 1, unsensitized plates 
4. Gelatin substitutes; 4. Sensitizers; 5. Inks; 6. Tan 
ning agents; 7. Humectants; 8. Non-metallic supports 
9. Effects of humidity and temperature, and so forth 

But, as time began to run out there had to be concen 
tration in the area of maximum experience and skill 
which is why Triton Press finally settled for a bichro 
mated colloid that is essentially gelatin. Perhaps it is a 
happy coincidence that gelatin was chosen. The chem 
istry and gel-forming ability of gelatin has been exten 
investigated in the laste twenty or thirty 
so more is known about this protein than about any 
other Due to this knowledge the commercial! 
standardization of gelatin is further advanced than that 
ommercial protein 

The high average molecular weight of gelatin 
100,000.18 partly responsible for the high mechanical 
strength of gelatin films The outstanding ability of 
gelatin to form reversible gels, to hold water and plasti 
cizers in the gel lattice, to crosslink with a number of 
chemical crosslinking agents; are all essential require 
ments for the Collotype plate. Other natural proteins 
such as albumen, casein, zcin have been tried but do not 
possess the high mechanical strength and gelling proper 
tics of gelatin 

However, despite the overwhelming advantages of 
gelatin, it is by no means the only colloid that could be 
Synthetic high polymers have 
such as Polyvinyl Alcohol, Polyacrylamide, Polyviny! 
wrrolidone, and many others and in mixtures 
\\ hile these synthetic polymers do have certain advan 
tages over gelatin, they cannot replace gelatin until they 


sively years 


prot in 


of any othet 
about 


used been suggest 1, 


alone 


are superior not only in one but tn all the requirements 
for a good Collotype coating. Such colloid 
have to be ‘‘tailor-made’’ to combine tn 
one product all the advantages over gelatin 
The choice of bichromate as the sensitizet 
heen one of expediency. While the bichromat 
satisfactory from the standpoint of rmage-formation and 
characteristic curve, it is low in quantum yield or, as th 
photographer would put it, slow in sp | Ic has t 
cently been rep wted (Oster, Photochemistry of Dyes in 
Solution, Photogr. Eng. 4, 173) chat« 
vinyl monomers can be polymerized by light and th 
quantum yield ts of the order of one million as compared, 
for example, to the halide system 
which has a quantum yield of less than one. Of course 


with silver halide the action of development serves to 
" 


a syntheti 
will, therefore, 
has also 
is highly 


rtain water soluble 


conventional silver 


intensify the image so that the quantum yield ts increase 
many millions of tumes. It would be highly desirable to 
have the speed of a silver sensitized material and we have 
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that a silver 


pre-sensitized plate is indeed a possibility 


accumulated sufficient evidence to show 


halide 


Collotype Plate Requirements 


Alchough gelatin may not be the tdeal substance it ts 
which can be ! 1 over an 
j 


material modifi 
conditions. Consider for a 


nevertheless a 
exceedingly wide range of 
moment the paradoxical requirements of a Collotypx 
plate. It must be sufficiently soft to absorb large amounts 
of moisture lictated 
by the exposure in image areas where crosslinking takes 
place under the influence of light. Highlights and non 
image areas or pure whites must swell and accept maxi 
to repel all ink and print as whites. At 


The degree of swelling is, of course, 


mum moistur 


the same time, these areas — highlights and whites must 


have high mechanical strength. But gelatin in a swollen 
state exhibits the 
problem 
Fortunately, there 
humectants and tanning agents for gelatin and by com 


was estab 


least strength and therein was the 


are an exceedingly large number of 


bining these crosslinking chemicals a balanc 

lished to circumvent to this 
paradox The plat 
tough and yet its swelling properties have not suffered 
a condition which was formerly 
The re sult, therefore, 
of long runs without sacrificing quality 


a large de ere so-called 


coating today is exceptionally 
consi lere | impossibl 
to obtain is a plate that ts capabk 
\ group of negatives was assembled with widely dif 
In this case 
some were low 


acrial nega 
Army altitude, 
well < xX pos ! shots while others wer taken under 
lighting conditions at higher altitudes and exhibiting 
four negatives 


fering gradient characteristics 
tives supplied by the 
poor 


the usual faults in acrial negatives The 
chosen were printed by Direct Rotary Collotype—by 
Offset Collotype-——and by 300 line Conventional Offset 
The Direct Rotary prints represented the best onc 
could hope to attain—and the 300 line Conventional Off 
set prints became the lowest limit of quality which we 
would have By making thes 
we established a frame of reference in which to operat 
Che water fountain, it must be pointed out, 1s never 
used in Offset Collotype The iloid of th 
a reservoir by taking moisture from the air 
control the humid 
! Direct 
every five ofr six 


to surpass COM parisons 


plate acts as 
lo maintain 
this moisture balance it 1s necessary to 
ity in the pr pro 
Rotary Collotypx is tO Stoy the press 
hundred sheets and sponge the plate with gly 
On an Offset press that ts running at a speed of 


ssroom The usual ir in 


rine and 
water 
§000 an hour this would mean stopping th 


lampx ning cvery 


pr $s for 
out ot the 
So a way had to be 


8 minutes which would be 
question from a practical standpoint 
down the exchang 


blanket 


was not avail 


found which would slow moistur 
between the plate and the surrounding air. The 
loss but com 


alchough it would 


is also a source of moisture 
able to study that particular phase, 
certainly be worth while 

The plate we have today will run about three to four 
thousand prints before dampening becomes necessary 
with the glycerine and water solution. It doesn't seem 
to matter much any more whether the press is run at 3M 
per hour or 5M per hour-—if uniformly high quality ts 
maintained one must replace the glycerine in the plat 
about every 3500 sheets 
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Another point which might be worth mentioning ts 
the kind of negative most suited to the process. Fortu 
mately it is a low contrast and in high 
speed, high aleitude aerial photography that's the typx 
The sc 


very negative 
of photograph that ts obtained most of the time 
negatives have a density range between 0.8 and 0.9 with 
the shadow step around 0.25 to 0.30 and the highlights 
about 1.10 to 1.20 maximum. Regardless of the density 
range the over-all density cannot be too heavy, other 
wis¢ too high with the that 
shadows get too deep and it will be almost imp sible 
t from those lf the bi 
chromate sensitizer does not wash out, the shadows will 


exposures become result 


to wash out the bichromat areas 
continue to harden and by the time the plate goes on the 
press, the shadow areas will be clogged and will not press 
out properly This is the chief danger in long exposures 
A very large degree of control ts provided on the press 
ontrast ts increased 


somewhat 


By raising the mousture in the room ¢ 


and vice versa An area which ts underex 
posed and prints too light can be brought up locally by 
the use of tanning agents such as tannic acid and alcohol 
By applying 
the shadow can be opened 


a mistake 


The same is true for clogged shadows 
ammonia of sodium sul phit . 
up quite casily To get rid of a tint or even 
suc h asa I re ak through on the mask, A weak solution ot 
tricthanolamine ts enough 

One other factor which should be considered ts the ink 
used in Collotype As a rule, the stiffer the ink the 
contrast in the print while the softer the ink 
the more tone and gradation will be obtained. However 
the chemical composition of the ink vehicle will have as 


much bearing on printing quality as the physical chara 


greater the 


teristics This phenomena was demonstrated conclu 


sively in the course of this investigation 


Pre-sensitized Silver Plates 


Some mention was previously made of experiments 
with a silver halide pre sensitized plate. Coating a silver 
emulsion on aluminum was considered impractical. Un 
less the surface of the aluminum its made chemically 
inert, the silver levelop spots and fog 
Since photogray hi 
{ goods on a weh, it was fele that a plaster mat 


emulsion will 


manufacturers are geared to coat 
cnsitize 
rial that can be made in rolls would be more suitable as a 
support. Film bas 
limensionally stable enough to withstand the high mois 
which the 
Alchough printing was done quite su 
vinyl! support, the plate very often shattered in the “ $s 
if there was the slightest nick on one of the « 

Brictleness of thi 
but that only 


under 


even the topographic variety, ts not 


sul jected 
from a 


ture and glycerine to plate 1s 


esstully 


gcs 
vinyl could be overcome by plast 
introduced other obstac les such as 
clasticity and ‘‘cold flow It is hard 
cnough to get good register in printing without having 
the plat stretch while che press Is running The prob 
lem was finally licked by using a laminate that stood up 
remarkably By sandwiching a pre-treated glass 
loth between two sheets of polyviny! chloride a support 
had excel 


and was chemically inert to the 


cizers 


stress 


well 


was produced that was dimensionally stable, 
lent moisture resistance . 
emulsion. It was not brittl 
stress of the plate clamps without shattering 

I should like to say that despite carly 


and could resist cnormous 


In onclusion 
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misgivin and doubt on feasibility of a 


] mor with Offserc ( 
finally re 


rning 


ollotype, runs far beyond that 


figure wer alized Prints made after a 25.00 


run hav hown no appreciable loss in quality 


(opserv: } ased on long expericn 


} 
id volve an 


with Collotypx 


wer orreciated to arrangement of 


plate formula and pre t 


hnique that has 
! pa if 


proven to 


w to anything encountered in che But what 


is more revealing is that, alchough the surface has only 
been scratched, there are enough signs to point the way 
toward making Offset Collotype a practical method for 
printing in continuous-tonc 

[he present plans are for the Map Reproduction Branch 
of the Resiaaw Research and Development Laboratories 
to evaluate this process now to determine its feasibility 
for military map reproduction 


REPRODUCTION USING BROMIDE PAPER FOR 


NEGATIVE 


MATERIAL 


M. Maher-Moussa* 


1ANS ially u ay sl t film, cut 


hotographing tf hims for 


rmediary smal) to be con 


i 
4 tinal negativ 


chis purpose 
r soit tast 
too con 
Medium 


materials gav tory results, but as 


heaper thar and plates, it 
titut 


ilty with pat \ opacity and coars 


paper 
it tos in sy Operation with paper 
ad of sheet film, to 


! from behind 


gle-weight glossy bromuid was 
fin the metal she inst 


X-ray film 


print had to be made from the intet 


photograph the illuminat 


ii negativ 
ontact 
| 


itive paper by printing, after ‘‘oul 
k of the latter in of 
of Kodapak Diffusion 


«> that 


r co render it cranslu 


material 


rrain would be t 


puc with its matte surface next 


the otled POositiy and the latter 


mulsion, with the tinal negative 


»btain juall { without any loss 


ying intermediary film or plat 


of the oiling 
buc meth 
! the use of 
h inf 


at 


ourse not ncw 


pe is! ommen 1, Ink 


Waxing al 


( lal re tried with results mu rior to 
| 


tho ittain formula finally arriv 


Waxing 
ld 1 poor results Th 


opumum aimed at being a la 
| 


wax) was very messy indeed 
thods wer 


with parattin 
following me 


ting Maximum 


y 


i with one 


poorest results were obtain part 
of either dry 


cin Th 


turned opaque in half an hour 


or syrupy Canada balsam in § 


translucency was transient, as che 


Next was a mixture of equal volumes of castor oil 


1 by Dr. Max Thorek in his book 


r (recommend 
amera Art 


Then a mixture of 3 volumes cedar-wood oil (for 


and 1 volume turpentin 


4) A similar resule was obtained from a mixture of 
equal parts of thin machine oil and acetone 

5) A better result was given by 1 volume 
hine ot! mixed with three 
took 3 days to dry and yielded poor results 


cvaporat 


of thin ma 
Oil alone 
X viol alone 


/ 


volumes of xvlol 


or turpentine or houschold petrol much too 
yuickly to be of any practical valu 

6) Almost identical resules wer 
tricresy! phosphat 
mixtur recommended in th 
graphic Almanac 1951 page 288 

7) A slightly becter result was obtain 
umes linseed oil to 1 volume turpentine 

8) The best resule as judged by maximum translucency 


t with che 


trol 49 and acetone | 


Photo 


obtau 
SO volumes | 


British Journal 


{ with 3 vol 


which lasted permanently, was obtained when 3 volumes 
of thin Kalle super oil for 
Slipco general purpose oil thinned with 1 
of turpentine This was applied to the back of the inter 
mediary paper (with a wad of cotton-wool ) after it had 
heen washed and dried Any thin machine oil so 
thinned, would probably do A photoelectri: 
meter was used for comparing the legree of translucency 
in the various formulae tried 

Cheapness is not the only advantage in using bromide 
The slowness of paper 
thin 


machine oul machines or 


wer volume 


c x px sure 


paper instead of films or plates 
makes casy the shading of exc 
original X-ray film while the film is being reproduced; 
a piece of black paper held on a wire is kept on the move 
next to the illuminated x-ray film Again, thin areas on 
the intermediary paper positive can be mort easily dealt 
with by applying to the emulsion side, before oiling the 
back, a red dye like Neococcine, or Winsor and Newton's 
Photo Tints 

The method ts also applicable to line work, though the 
results are inferior to reflex document contact printing 
When the method was tried in reproducing half-tone pr 
torial prints, the results were indeed very satisfactory as 
long as the intermediary paper-negative was used for con 
tact printing and not for enlarging Soft grade thin 
pape r is essential and should nec ither be 
nor developed to 
results on the 


ssively arcas in the 


single-weight 
leveloped in a contrasty developer, 
finality, as the method ts inclined to giv 
constrasty side 

It is fair to admit that though quick, simple and eco 
nomical, the method is not int aded to replace the “high 
light masking process’’ used in the U.S.A. The latter 
undoubtedly gives superb results, but is lengthy, com- 
plicated and expensive 
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WORLD-WIDE PHOTOGRAPHIC STANDARDS, 
MEETING 


OBJECTIVE OF STOCKHOLM 


J. W. McNair* 


| HOTOGRAPHIC EXPERTS from ten cCounNntrics have or 


ganized a mecting in Stockholm, Sweden, carly in June 
1955 to act on recommendations for the adoption of in 
ternational standards for photography Fifteen addi 
tional countries, that had previously signified their in 
terest in the establishment of international standards for 
photography, have been asked to participate as observers 

[hese twenty-five nations, through their respective 
national standards organizations, will be che 
Sveriges Standardiserings Kommission, the Swedish national 
standards body. Dr. Hilding Térnebohm, President 
of the INTERNATIONAL ORGANIZATION FOR 
STANDARDIZATION (ISO), has invited that organiza 
rion to hol | its 1955 General A ssc mbly and Coun il mect 
Some dozen tech 


guests of 


ings in his native country June 6 to 18 
nical committees of the ISO will hold their meetings in 
Stockholm during the same period of time 

The American Standards Association has been assigned 
the Secretariat for ISO Technical Committee 42 on Pho 
tography and will participate in the Stockhplm meeting in 
two ways Secretariat, the ASA 
called the meeting for five June 6 to 10 inclusive, 
made secretarial provisions for the sessions, circulated 
technical documents for study prior to the meeting, set 
Agenda, and will provide staff assistance 


unctioning as Ts 
I t tl 
days, 


up a tentative 
luring the meeting 

As one of the ten national standards bodies that com 
prise the active (participating) membership of ISO/T¢ 
42, the Association has organized 
the USA delegation to the Stockholm mecting, pro 
vided the participating nations with copies and drafts 
of American Standards that are being proposed by this 
country for adoption as international standards, and at 


American Standards 


ranged for study by photographic experts in the United 


States of draft proposals submitted by other countries in 
advance of the international mecting 

Mr. Marion E. Russell, FPSA, of the Eastman Kodak 
Company, Rochester, New York, who is a member of 
the Photographic Standards Board of the ASA and a for 
mer chairman of Sectional Committee PH2 on Photo 
graphic Sensitometry, has been selected as leader of the 
delegation from the USA to the Stockholm mecting 


American Standards Proposed for 
International Adoption 


[Two American Standards in the field of photography 
have already been adopted t by the International Organiza 
Standardization as [SO Recommendations 
Diffuse Transmission Density’’ is substantially 


tion for 
ISO/RS5 


* Assistant 


Incorporated 

Received 26 Feb 
t See PI 

August 1954 
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identical with American Standard 238.2.5-1946 having 
the same title ISO/R6 “Method for Determining 
Photographic Speed and Exposure Index"’ ts based on 
American Standard PH2.5-1954 and an earlier version of 
the same American Standard Method for Determining 
Photographic Speed and Exposure Index 

The Stockholm meeting will consider over 20 Ameri 
can Standards for photography with regard to their 
suitability as international standards These standards 
cover the field of photography rather broadly Some, 
like the specification of ‘‘safety film,’ are fundamental 
Others, such as photoelectric exposure meter 
films intended for 


in nature 
characteristics, of 
permanent records, or the dimensions of stereo pictures, 
are more specifi Quite a number deal with dimensions 
and tolerances which govern fit and interchangeability 
Standards for roll films of various size and camera stand 
ards for the position of back windows (peepholes) and 
picture sizes on roll film, fall into this category Some 
leal with standard methods of test, like the test for 
residual hypo in photographic layers or tests for classify 
synchronization of front shutters on 
are six commodity specifications estab 
photo 


spec ihcations for 


ing the internal 
cameras There 
lishing the requirements and test methods for 
chemicals commonly used in processing 
materials. Simplification, by 
involved in 


graphic grade 
photographi 
the climination of unnecessary 
some of the proposals, like the one dealing with standard 
time marking on camera shutters or the 
standard distance scales for camera lenses 

of their national 


SCcNsitiz d 
items, 158 


x posure 


Other countries have proposed som 
standards for consideration as international recommenda 
The British Standards Institution has developed 
identification of different emulsion 


tions 
a proposal for the 
types of amateur roll films by the means of specific colors 
of backing paper The German standards organizaton, 
DNA) ts offering a German 
35mm daylight loading 
consideration and 
comparison with previously proposed American Stand 
ards. It is anticipated that delegates from other coun 
Stockholm meeting additional na 


Deuts her Ni TINCHN AMAT hu is 


proposal for the dimensions of 


magazines for miniature camera use tor 


trics will bring to the 


tional standards of their respective countries to be con 


sidered by the international commutt 


Nations Interested in Photographic 
Standards 


ISO Tech 
naturally, 


[he active or ‘‘participating’’ members of 
nical Committee 42 on Photography includ 
the countries in which photographic industries are fa 
tors of imy in the national economy These are 
Austria, Belgium, Czechoslovakia, France, Germany, 
Italy, Netherlands, Union of Soviet Socialise Re 
publics, and United Kingdom, in addition to the USA, 


as Seccrctariat 


rtance 








ignified their de 
participate in the work of the inter 
rds for photography 
other nations wished to keep in touch with ch 
ISO/TC 42 as (O) or ‘‘observer’’ members 
mbers tf iv opies of all correspondence and 
1 meetings but do not participate actively in 
al work The (QO) members of ISO/TC 42 
tralia, Canada, Chile, Hungary, India, Japan, 
Poland, Portugal, Roumania, Spain, Sweden, 
Union of South Africa, | 
Under ISO rules, membership under cither 


tion to the countries which 

actiy ly 
national committee of standa 
fifteen 


work ot 


lruguay, and 


yluntary 


ISO Leadership in World Standards Activity 


FOR STANDARDIZA 
essor ISA (Interna 
1; yhy | lor 


{ other agenc 


INTERNATIONAL OrGants »N 
! to a less ! 
tandards A 

orld Warll 


that formerly 


wciation) which was 
largcly supplant 


rked toward tl tablishment of in 


hav 


rnational 
rnational El 
vordinated 


ternational standard Some int groups con 


trrotc hn al 
with 


tinu ro operat lik the Int 
Commission, bute their a 
ISO 

In the held 


national aspects of 
expanded and made effects the w 
by th Villth 1931. Dresden) and 
meetings of the International Coner 


Appl 


for Determining Photographic Spe 


tivitics ar 


inter 
continued , 


of photography, considering ch 
ISO) has 
wk that wa pironcc®r ! 
IXch (1935, 

# Scientific and 
il of ISO/R6 Method 
land Exposure Ind x 


rdardizati mm 
Paris 
| Photography The appro. 


as an meternational t omim ndati m was not a uniqu 


complishment in the field of photographic sensitom 
think 
ration, and technological advances that wer 
{ during che period from 1925 to 
International Congress of Scientific and Ap 

That which existed 
xchange of information 
executive 


ry Ie was th ulmination of international 
ing OOF 
inspired by and fosters 
1935 by chi 
pli | Photography 


organization, 


primarily for th ideas and 


about th en of photography, had no 
power and no standards program, but it did provide an 
technical 


1 found susc« peible 


opportunity for international discussion of 


problems that have int ne vears bh 


co international standardization 


This forum passed out of exist following the 1935 
meeting im Parts A, m Warsaw in 
1940 never came about, for historic t and the 
following the end of World War I was effec 
gatherings of 
Symposium on 
undamental Mechanisms of Photographic Sensitivity 
held at the University of Bristol in England, March 
1950, and the Colloquium on the Sensitivity of Crystals 
and Photographic Emulsions, held in Paris in September 
195] 

Ihe ISO, transformed from the old ISA, through the 
metamorphosis of World War IL, emerged in 1946 into 
a world newly impressed with the need for international 
understanding an [he resumption of trade be 
ountries brought new realization of the need for 
international standards. By the end of 1954, there were 
leven ISO Recommendations tn effect, and two of them, 
as mentioned above, are in the field of photography 

In January 1955, the ISO had $5 Draft ISO Recommen 


ctung planned for 
isons, 
Conner 
other international 


tively replaced by 


hotographi scientists, such as the 


unity 


tween ¢ 


dations in various stages of the procedure necessary for 
approval as international standards recommendations 
Seven of these were in the motion picture field and one 
was concerned with photo opy paper sizes for document 
reproduction. Nineteen additional Draft ISO Recom 
mendations in the field of motion pictures were being 
made ready for distribution to the 35 countries which 
are the Member Bodies of the ISO 


Other International Standards Meetings 
Concerning Photography 


Prior to the Stockholm mectings June 6 to 12, 1955, 
there will be a meeting in Paris June 2, 3 and 4 of Sub 
committee No. 1 on Photographic Documentation of 
ISO Technical Committee 46 on Documentation The 
Subcommittee on Photographic Documentation operates 
under the supervision of the French standards organiza- 
tion Association Francaise de Normalisation (AFNOR 
Some of the American delegates to the Stockholm meet 
ing of ISO/TC 42 on Photography exp there 
via Paris where they will attend the sessions on Photo- 
graphic Documentation 

his committee is concerned with quality criteria for 
specifications 


ct to arrive 


processed microfilms, with performan 
for microfilm readers, with preferred sizes for micro- 
films and opaque microtext, with test methods for micro- 
film cameras and readers, and similar matters 

Following the mecting of ISO/TC 42 in Stockholm, 
there will be a meeting at the same place of ISO/TC 
36 on Cinematography The ASA holds the Secretariat 
for the international standards committee for motion 
pictures, TC 36, just as it does for the photographi 
Technical Committee 42. Several of the delegates to the 
mecting of ISO/TC 42 will also be members of the dele 
gation representing the USA on the following mecting 
of ISO/TC %6 

This will be the second meeting of the Technical Com 
mittee on Motion Pictures The group held its first 
international meeting in New York City in June 1952 
Delegates from Canada, France, Germany, United King 
dom and the USA attended at that time and there were 
observers from Belgium and Switzerland. Meanwhile 
twenty-two Draft ISO Recommendations for inter- 
national standards that had developed from this 1952 
meeting have been prepared and turned over to ISO head- 
quarters for action by the Member Bodies 

The Agenda for the second meeting in Stockholm of 
ISO/TC 36 on Cinematography, June 11, 13, 14, 15, and 
16, 1955, includes six technical subjects that were not 
covered by the 1952 meeting. Some of these new items 
for international consideration involve the dimensions 
and location of magnetic sound tracks on motion picture 
film and the reproduction characteristics of magnet 
sound tracks. Of interest to exhibitors as well as pro- 
ducers of motion pictures will be discussions concerning 
standards for screen brightness levels (which have a 
bearing on the density of prints released by exchanges 
for exhibition) and the dimensions of wide screen motion 
pictures 

The American delegation to the Second Meeting of 
ISO/TC 36 will be headed by Dr. Deane R. White, Re- 
search Director for the Photo(graphic) Products De- 
partment of E. I. duPont de Nemours and Company 
Dr. White had previously served as leader of the USA 
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lelegation 


The meeting, 
will be presided over by Mr 
Telephone Laboratories in Murray 
Mr. J ring Vice-President of th 


to the first mecting in New 
when it convenes in Stockholm June 11th, 
Axcl Jensen of the Bell 
Hill, New Jersey 


Society 


York in 1952 
Ju 


iscn is Engin 


Picture and Television Engineers who are 

ASA Sectional Committee PH22, the tech 
nical Committee in this country for the development of 
national and international standards for motion pictures 


ot Motion 


sponsors for 


and for cinematoegr iphi aspects of television 


PHOTOGRAPHIC TECHNIQUES AS APPLIED TO 
THE STUDY OF HIGH-SPEED FLOW 


John F. Darsow* 


HE PURPOSE Of this paper is to describe some of th 
j 


techniques of making high-sy ! air flow visible and 
methods of photographically recording the flow phe 
[he term peed’ in this case ref to air 
velocities near and above the Ac thes« 
ility of ntal im 
hanges in density occur Th 
high-speed flow past obj 


nomena high s 
spec | of sour 
ym pr if air 1s of fundam 
portance and larg 
lynamicist can study the 
investigating these density 


will cause a proportional change in the 


Spx ls the 
acTo 
cts by 


chang Su ny chang 


in air density 

index of refraction, a light beam pa { through a region 

of varying density will be deflected by 
, 


and can be used to visualize the flow [This phenomenotr 


Varying amount 
is the basis of the shadowgraph and schlieren v visual 
ization techniques 


The Shadowgraph 


[he shadowgraph' ts a verp simple but effective d 
Light from a small source is projec 1 chrough th 


t 
and the density gradients in the air deflect the light 


SHADOWGRAPH 





Fig. 1. The Shadograph method for photographing 
density differences in an air stream moving at or near 
the velocity of sound. An object mounted on one wall 
of a wind tunnel is illuminated by a light source of small 
area but high intensity through a window in the oppo- 
site wall. Shock waves in the air stream cast dark 
shadows which can be photographed 


<4 
iy). 
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Cast a pattern on a screen. Figure one shows a simpl 
shadowgraph system. The wing panel is mounted on onc 
wall of a wind tunnel. A beam of light is projected from 
the opposite wall. Dark shadows on the illuminated 
wall indicate the location, in the high-speed flow past 
shock which are regions 
abrupt changes in air density 


the wing, of waves. across 


which there ar 


Fig. 2. Supersonic free-flight optical 
viding a four station shadowgraph system which, to 
gether with a chronograph, provides time-distance data 
on objects moving against an airstream with effective 
velocities up to ten times the speed of sound 


system pro 


A more refined sha lowgray h apy lication 1s used in the 
Ames supersonic free-flight wind tunnel’ as illustrated in 
two Air flows from left to right at supersonic 
Models are fired from a gun into the oncoming 

The combined air and model velocity 


higure 
Spx eds 
airstrcam 
ffective speeds as large as ten times the 
The time-distance flight 
these stations as the model flies through the test section, 
and from this the forces acting on the model can be evalu 
ated. In this wind tunnel the time history is 
obtained by using a four station shadowgraph and a 


creatcs 
> px d ot sound 


history of che is recorded by 


distance 


hronograph 
The operation of this equipment is more casily fol 
lowed by considering only one of the sha lowgraph sta 
As the model approaches 
light beam which projects 


photo leceri cell The 


tions as shown tn Figure three 
the station it encounters a 
onto i 


through th t inncl 


97 





Fig. 3. Closeup of a single shadowgraph station 
from Fig. 2 showing the light beam and photoelectric 
cell trigger which actuates the spark source after a pre- 
determined time delay 


model hadow modifies the 
spark sour after 
harge spark light sources afr 


cell and this 
( on 


output of the 


trigger a suitable came delay 


lenser dis used in order to 
obtain th xposures of about one micro-second needed 
to get sharp pictures of the models. When the spark 1s 
1 part of the light escapes from the side of the 
spark housing and ts reflected 
ts the light to the 
hronograph I ) provi le a time 
lamp pulsed at 20,000 cycles per 
hronograph film. A compari 
atime history of the flight 
yurces is collimated by che 


trigger 
1 by a mirror to a rotating 
prism which in curn refle hilm on the 
eriph ry of che hase 
ight from a mercury ar 
| t fon che 
| 


CCOMN I pro) 
son of thes Is gives 
The light from the spark 
al mirrors ¢ ) prevent imag 


light shad 


two recofr 


listortion, and 
wweraphs are recorded on photo 
graph h are used to permit the utmost 
accuracy in the measurement of model position. To pre 
plates by scattered light from the 
nt photobeam at conyjune 

1 filter 
vacuum ph rotuls 4 


use of pn ri 
paralle| 
glass plat whi 
vent fogging of th 
! blind film ts used tn 


1 photobeam light 


con with at source and a 


| 


red-sensitiv typical shadow 


Typical shadowgraph with shock waves 


appearing ase ark lines 


graph is shown in Figure four. The dark lines are shock 
The bright region adjacent to the model is air 
by friction forces alled the boundary layer 


waves 
retarded 


Studying Spinning Motion 


In addition to the shadowgraphs used to study the 
it 1s of interest to Mcasurc 
obtain this 
model at 


longitudinal motion of models 
the spinning motion. To 
Fastax camera ts located at the 
oncoming model is photographed by way of a 45-degre« 

To obtain adequate depth of field and 
movies are taken with a 17-inch 
The model is back illuminated 
bulb, which provides ade 
quate illumination since the time of the m xdel's flight ts 
shorter than the duration of commercial flash bulbs. The 
bulb is timed to fire at the instant the model leaves ch 


gun 


information a 
her and the 


liagonal mirror 
magnification Fastax 
focal length lens at f/ 60 
by a singlk 


’ t 
press typ* iad 


Vapor Screen 


Another interesting high-speed flow visualization sys 
tem developed at the Ames Laboratory ts the vapor-screen 
technique. Water vapor is introduced into the wind-tun 
nel airstream upstream of the test section. In passing 
into the test section, the air drops in temperature and 


Fig. 5. 
thin section of the fog-fille« 
through a slit. 


Vapor screen a arranged so that a 
chamber is illuminated 


water vapor condenses to form a uniform fog A high 
intensity light source, as shown in Figure five, is placed 
behind a slit, allowing light to pass through the wind 
tunnel and uniformly illuminate a thin plane of the fog 
Flow disturbances, such as vortices, then alter the uni 
formity of the fog. Figure six shows vortices which have 
been shed from the wings of a model 


Schlieren Photography 


The most sensitive flow visualization technique avail 
able is the schlieren system. The schlieren technique ts 
discussed in detail in reference 3 A typical schlieren 
system is illustrated in Figure seven. Light from a line 
or point source located at the focal point of a lens or 
SCIENCE 
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Fig. 6. Vapor screen photograph showing disturb- 
ances in a thin section of illuminated water vapor 


parabolic mirror is collimated and passed through th« 
tion to an identical image-forming mirror or lens 


most 


tcst sci 


[The mirror-schlieren system is ymmon, since 


well-corrected lenses of apertures greater than six inches 
are prohibitively expensive The image-forming mirror 
collects the bundle of parallel light and recreates at its 
focal point an image of the 4 simpl 
knife edge is then located at this imag: If this knife 
edge is adjusted to traverse the image, the 


light source slit 


intensity on 
the view screen can be uniformly controlled from ‘‘bright 
field knife removed) to dark field (knife edge 
obstructing the image Adjustment of the knife edge 
An undiscurbe 


through the 
| 


edge 
acts in a manner similar to a lens iris ! 
ray of light passing point P will arrive at | 
knife-edge image point However, 
gradient occur at P the ray will be deflect 
to the gradient. This ray will then arrive at che 
at p' but will pass some distance below the knife edge 
and image point. If che adjusted to par 
tially darken the ficld the deviated ray will create a bright 
point on the screen at | The sum of all deviations in 
the field will then omposite image of th 
deviated rays 


should a nsity 
1 in proportion 


screen 


knife « 1 ge 1S 


ontribute to a « 


Fig. 8. Typical schlieren photograph 
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advantag 
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Fig Mirror schlieren optical system. Light from 
a point source, S, is collimated by mirror, M,, then 
passed through the test section to an identical image- 
forming mirror, My, which recreates at its focal point 
an image of the light source slit. A knife edge at the 
focal point, f.1 can be adjusted to control the intensity 
on the viewing screen 


can consider 
illuminated and that the 
An image of the test 
determined by the 
(); must, 
to create 


To determine 
that the model ts 
schlieren light source ts turned off 
section will then be created at B as 
focal length of M, and the object distance O 
be greater than the focal length of M 
a real image and, due t » space limitations, O, ts usually 
on the order of twice the focal length of M 
up of this type, 
qual, the magnification ts approximately unity 
and the image at B will be too large for practical camera 
application. To reduce the image size a camera lens can 
be introduced at L with a focal length chosen to provide 
the magnification desired. The camera lens should intet 
epe che bundle of light leaving the knife edge 
Ther at B then serves as a virtual object to the 
camera at I 
mount will have to be modified to permit focussing closet 


cametfa require ments One 
liffusc ly 


of course 


For a set 
where the object and image distances are 


ncal ly 


entire 
al image 


Thus, if a standard camera ts used, the lens 


than the infinity focus position since the object ts virtual 
Rather than modify the 
mental 
amera lens to modify the 


lens mount to do this a supple 
with the standard 
focussing range A distinct 
of the schlicren system is that it permits the 
location of the camera lens to intercept all che 
light 
amera and 


negative lens can be used 


useful 
of the system and permits choice of any type of 
wide range of magnifications A typical 
schlieren photograph 1s shown in Figure cight 

An imy 


light source 


wtant clement in any schlieren system is the 


The ideal schlieren light source would be 


Fig. 9. Self-synchronizing schlieren photograph pro- 
duced by two superimposed schlieren systems 





an inhinit 
ould be 
flashed at short duration Practi 
has been the 


simaily 
operated mcint 

Satista 
high-pressure m ry arc whi 
’ 


tory sour 


has a’ burning arca wth by 2mm 
The mercury 
and! 


or flashed at 
| 


mm am 


arc has an intrinsic brilliance 
§ per squar m. It ! 


lurations as lov ) micros 


yperate 
pe operat stropo picalls high as 


per se ond 


Self-synchronizing Stroboscopic Schlieren 
Che ability to operate the lamp at high rates permitted 
the development % a self-synchronizing strol 
patter 
witt 


schlieren for viewing fluctuating flow 


nine shows a typi al | h toergr i} h tak n 


lis harge from the rear of a 


showing vortex 
in the rat 


ycles per SC yd In rv ! li schli 


The dis harge ft juct 


nomenon could not be seen; on mven 


ntarily 


yuuld mom 


COpl Of ration it 
ould n 


strODOS Op! 


frequency irregularity 
screen The self 
stationary 
imposed schlieren system On n obs ; intens 
field and thes 


flashing rat 


phenom 


enon sentially of two super 


mall urca of the bow 
intensity Var CiOMs af 
of the light source of the second syst 


ity Variations ina 
1 to mcr y th 
m which ts the only 
one viewed Further details of the self-synchronizing 


stroboscopx may f roun 





COLORED SCHLIEREN SYSTEM 
Wine off 


Fig. 10. Principle of the color schlieren system in 
which the conventional light source is replaced by a 
continuous spectrum 


Color Schlieren Photographs 


n given to the 
stem which ts merely a modification of 
the conventional systcm Howeve r. 


Recently, considerable attention has he 
color schlieren SV 
in addition to per 
mitting very striking schlicren photography, the 
$¢ hlieren photographs are mor 
discrimination of color ar 
interpreted than variation of shades of gray 

The principle is comparatively simple. As shown in 
Figure ten, if the conventional schlieren light source | 
replaced with a trum, an image of the 
spectrum will be formed at the knife-edge position 
Then, if the knife edge is replaced by a slit with an open 
ing to pass one color of the spectrum, a uniform mono 
chromatic image of the sclicren field will appear on th 
amera adjusting th lic co th midd] 
color’ trum th 


color 
easily interpreted sin 
casily 


Variations in more 


continuous Spx 


screen 


of the Spx system becomes color sens! 


100 


Fig. 11. Prism type color schlieren arrangement 
with the undisturbed green band focused on the slit 
opening. 


{ 


ction and i 


tive to both dir magaitude of che pra 
the field of the disturbance 

As shown in Figure cleven, th 
letermined by the color 
to violet The 
licated by the amount of 
from its 
slit opening at the green middle color 

There ar 
schlieren system The 
prism between tl collimating mirror 
The single source then becomes a virtual spectrum which 
is re-imaged at the slit 


ients in 
gradient direction is 
green to red and 
strength of the 
leviation required to 


po ition to the 


groups 
green liscurbance 1s 
then in 
deflect any color undisturbed 
several methods of introducing color into the 
simplest method ts to place a 


light source and 


Another method of introducing 
knife-edge assembly by 
edge with a transparent color grid 
leviated from the ‘‘middle color 
screen in color corresponding to that 
portion of th grid through which it has passed This 
has proved the most practical system for work at Ames 
licel existing 
$ requit to permit choice of black and whit 
prepared on 35mm Koda 
photographing a back illuminated slit 
cted fileers. The illuminated slit is mounted 
such that it can be translated in increments of its own 
width The filters are selected to provide a grid of five 
ylors which ymmplement the H-6 
light H-6 lamp 
mercury lamp, is predominant in the 
and deficient in red The 
as obtained from che prism, but are equally as useful for 


color consists of modifying the 
replacing the knif 
In this system any ray 
will appear on th 


modification of the schlieren 


since very 
systcms 
or color The ylor grids are 
hrome by 


through sel 


standard schlieren 


source Th being a high-pressure 
blue-green region 


sclieren colors are not as pure 


analyzing schlieren photographs 
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